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Context
Richard L. Ingraham

T

HE centenary of the death of Charles Darwin (Apri119, 1882)

provides an occasion for an assessment of the status and
influence of his evolutionary theory. Although controversial
when the Origin of Species was published in 1859, evolution was so
thoroughly accepted by the British establishment that on Darwin's
death, Parliamentarian sentiment directed that he be buried in England's
most celebrated church, Westminster Abbey (near the sarcophagus of Sir
Isaac Newton) rather than in the family plot by the modest church of
Down village. 1 Indeed, T. H. Huxley, the eminent biologist, in a series of
lectures on evolution in New York City in 1876 stated that
... the doctrine of evolution, at the present time, rests upon exactly
as secure a foundation as the Copernican theory of the motions of
the heavenly bodies did at the time of its promulgation. Its logical
basis is of precisely the same character-the coincidence of the
observed facts with theoretical requirements. 2
By 1934, the accomplished popularizer of science, H. G. Wells, expressed
complete confidence that evolution had triumphed over biblical creationism in his book, The Science of Life. 3 Although the views enunciated by
Huxley and Wells are taken for granted by scientists and can be
considered accouterments of the "modern mind," this claim cannot be
made for the American public at large.
5

According to results of a July (1982) Gallup Poll based on personal
interviews of a representative sample of 1518 adults in over 300 areas of
the United States, forty-four percent of those interviewed were in
agreement with the statement "God created man pretty much in his
present form at one time within the last 10,000 years." In the following
chart, the data from the poll has been tabulated in terms of educational
level, age, region and religion.•

National
College (total)
Graduates
Incomplete
High School
Grade School
Age 18-29
Age 30-49
Age 50 and over
East
Middle West
South
West
Protestants
Catholics

Evolution Evolution
Other
Creationism with God without God don't know
9%
44%
38%
9%
50
15
5
30
24
53
17
6
47
12
5
36
35
7
49
9
17
52
26
5
37
44
10
9
40
42
10
8
53
30
7
10
40
38
9
13
46
39
6
9
49
34
6
11
40
40
17
3
49
36
7
8
7
47
38
8

Last April, a similar poll was conducted by the Field Institute in
California. A representative cross-section of 1015 persons was queried by
telephone: 49% said that they believed in the biblical account of creation;
39% reported they believed in evolution. Again, the data below was
tabulated in terms of religion, education, and age groups.5
6

BELIEVE IN EVOLUTION OR CREATION

Statewide

Believe in
creation
49%

Believe in
evolution
39%

No
opinion
12%

Protestant

61

29

10

Roman Catholic

56

32

12

Jewish

11

82

7

Other Religion

46

34

20

Other or no religion

16

69

15

Born-again

77

14

9

Not hom-again

39

49

12

High school or less

63

24

13

Some college

50

38

12

College graduate

25

65

10

18-29

40

46

14

30-39

41

45

14

40-59

55

34

11

60 or older

65

27
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Results of these two polls come as a surprise to many intellectuals.
Nationally (44%-Gallup) and in California (49%-Field), adherents to
the biblical views of origin make up a significant number. It is perhaps
noteworthy that among college graduates the percentages are less: 30%
nationally; 25% in California. Still, the figures suggest that there has not
been widespread understanding of evolution among all segments of the
American population.
In The Triumph of Evolution: American Scientists and the HeredityEnvironment Controversy 1900-1941 (1978), Hamilton Cravens contends
that
particular groups in the American population-nonwhites,
Catholics, Protestant fundamentalists, and, generally speaking,
those with scant formal education-have been either indifferent or
in other cases actively hostile to evolutionary science .... In
practical terms, exposure to evolutionary science in the wake of the
Scopes trial has probably been limited to the college educated, for
one of the consequences of the trial was that publishers of public
school textbooks in biological science removed references to evolu7

tion in a compromise of science and education in American culture
.... Thus, if we define our interest in the impact of evolutionary
science in America in terms of the number of its adherents in the
whole American population, we would probably say that it has
been only a large minority of the population, those Americans who
identify with our homogenized middle-class, WASP culture (regardless of their particular ancestry) who have been affected. 6
Even among scientists, however, the actual effect of the Scopes trial on
the teaching of evolution in public schools has not been clearly understood. For many of us, the "monkey trial" (in Dayton, Tennessee in the
summer of 1925) was a victory for evolution. Thirty years later, the
dramatization of the trial, "Inherit the Wind," was to appear on
Broadway and in numerous little theater productions throughout the
country and reinforced that belief for theatergoers. 7 But according to the
research of J. V. Grabiner and P. D. Miller, the most widely used and
popular biology textbooks published after the trial gave evolution
superficial treatment-if they considered it at all! 8 The pervasive deemphasis of evolution continued until the 1960's when the Soviets had
demonstrated their space prowess and Americans became concerned
about the quality of science education. Consequently, the American
Institute of Biological Sciences began producing texts with an evolutionary orientation. While these books were attacked in states like Texas,
they were widely adopted by school districts in the seventies after
existing state anti-evolution laws were declared unconstitutional by the
Supreme Court.
For a contemporary evolutionist, however, the results of the recent
Gallup and Field polls are especially disconcerting in light of the
amazing advances in our understanding of genetics and evolution in
recent decades. The significant discovery of fossil hominids over 3.5
million years old as well as fossilized footprints from the same period
provides overwhelming evidence for the antiquity of the human lineage.
Geology, the science so crucial to Darwin's intellectual development, has
experienced a revolution in research activity since crucial evidence
supporting continental drift was discovered in the sixties.
At last summer's centennial honoring Darwin at his alma mater,
Cambridge University, one observer judged that the molecular geneticists stole the show. Now that it is possible to clone genes, to sequence the
nucleotides of genes which serve as the genetic code, and to practice
genetic engineering, the importance of an evolutionary perspective for
the elucidation of data derived from different species becomes apparent.
Roger Lewin, writing in Science, commented: "Who can fail to be
impressed by the brilliant glistening jewels currently on display in the
world of the new molecular biology? Split genes, pseudogenes, families of
repeated sequences shifting and changing-all combine to impart an
8

image of a dynamic genome." Lewin concluded "we are all Darwinians
now.'' 9
If Darwin's Origin provided sufficient evidence for a credible theory of
evolution to his sophisticated contemporaries in the nineteenth century,
how much more persuasive is the present evolutionary edifice bolstered
by coherent data from many disciplines. Considering the findings of
modern geology, genetics, paleontology, biochemistry, and ecology, the
implausibility of the myths of Genesis is forcefully underscored.
Needless to say, biblical accounts of origins have religious value for
adherents of J udeo-Christian religions. The accounts in Genesis are
typically interpreted symbolically by Roman Catholic and nonfundamentalist, mainline Protestant churches. The late Reinhold Niebuhr,
a neo-orthodox Protestant widely regarded as one of America's foremost
Christian thinkers, claimed much for biblical perspectives, but he was
quite clear in his indictment of fundamentalism:
Failure to relate the truth of faith to other knowledge and experience
furthermore leads to a cultural obscurantism which denies the
obvious truths about life and history, discovered by modern scientific
disciplines. The cultural obscurantism of this kind ofliteralism not
only brings Christian truth in contradiction with the facts, known
by natural science and indisputable on their own level. It also
makes that truth completely irrelevant to the truths discovered by
the social, political, psychological, and historical sciences. 10
To many secular thinkers, the conflict between the "creationists" and
"evolutionists" has the hallmarks of a battle between the forces of blind
superstition and enlightened science. But this view is not born out by last
December's trial in Little Rock. The trial involved the constitutionality of
Arkansas' Balanced Treatment Act which mandated the teaching of
"scientific creationism" in public schools. This legislation was declared
unconstitutional by U.S. District Court Judge William R. Overton on
January 5,1982. 11 The plaintiffs represented mainline churches, national
Jewish groups, as well as the National Association of Biology Teachers,
concerned residents of Arkansas, educators, administrators, and scientists. Although no religious authorities of stature represented the
"scientific creationists," four experts in religion testified for the plaintiffs. Langdon Gilkey, Professor of Theology at the University of
Chicago Divinity School, was one of them. Knowledgeable about the
issues, he reflected upon the current situation:
This naive error of regarding evolution and Genesis as comparable
and so mutually exclusive "explanations" is not confined to the
fundamentalist community, as we shall see in a moment. It
represents, I suggest, the confusion out of which this controversy as
a whole has arisen.
It was, of course, attorneys for the State of Arkansas that
represented the case for the creationists and for Act 590. The two
9

main themes of their arguments contain innumerable further
confusions, not only about religion but even more about science,
especially about its formal structure, its methods and its canons ....
It is surely clear that the vast amount of blame rests with the
churches and the schools of theology. One of the major tasks of
theology in the modern period has been to understand reflectively
how religious faith, and so how Christian religious faith, even faith
in Genesis, can be reinterpreted, represented in the light of modem
science, within the framework of the theoretical Weltanschauung
in which, in a scientific age, we actually live our lives. This has been
done with modest success for almost the past 200 years. Yet clearly
this has not been taught or communicated forcefully or persistently
enough either in theological schools or in the churches. A satisfactory, that is, intelligible, understanding of the relation of religion
and science has not permeated out even into church life, much less
into American society as a whole. Many, if not most, people still
assume-and they are not only the fundamentalists-that to
believe in God or the Bible one must reject evolution. 12
While Dr. Gilkey faults the leadership of churches and seminaries for
the prevailing confusion over science and religion, there are other factors
which must be considered. Although many scientists and liberals have
assumed that religion has gradually had a declining influence in
American life, the evidence reveals a dramatic increase in the membership of conservative Protestant churches and religious cults and a
corresponding decrease in the membership of mainline, liberal denominations. According to a survey by Wade Clark Roof on religious defection
in the first half of the seventies, the losses have been "staggering." He
believes that much of the defection from mainline churches is related to
the "permissive" countercultural morality which has been diffused
through American society. 13 Denominations find themselves split over
issues such as abortion, ERA, pornography, homosexuality, and ordination for women. Monolithic in the face of such issues, authoritarian,
moralistic, fundamentalist churches are growing.
Over the past decade, fundamentalists have espoused the teaching of
their parochial, biblical literalism in the guise of "creation science."
Their hostility toward evolution is reflected in the intemperate statement
of the Director of the Institute for Creation Research, H. M. Morris:
Evolution is the root of atheism, of communism, nazism, behaviorism, racism, economic imperialism, militarism, libertinism, anarchism, and all manner of anti-Christian systems of belief and
practice. 14
Aroused by the introduction of evolutionary emphases in modem
textbooks, fundamentalists plead now for fair play and an equal hearing
for the biblical view through the adoption of balanced treatment
legislation. The successful passage of the Arkansas bill was due in no
10

small part to lobbying organized by the Moral Majority. 15 Within the
year, we can expect resolution of the litigation in Louisiana where a
second bill has been passed by the legislature and signed into law by the
governor. 16 But even if the decision of the Louisiana court be the same as
that of Judge Overton, it is unlikely that the "true believing" fundamentalists and their electronic salesmen of God will fade away.
In the minds of sociologically oriented thinkers, the growth of the
religious right and its political activism is explicable in terms of social
forces. In their discussion of the aftermath of the Scopes trial, Grabiner
and Miller explain how such factors are important:
The Tennessee anti-evolution law was, of course, in part a produ~t
of the state of mind of the south after World War I. There was a
theological struggle between fundamentalist and modernist Protestants, with fundamentalism being especially strong in the south.
Since evolution contradicted the literal words of the creation story
in Genesis, and, furthermore, taught that man was an animal,
fundamentalists believed that the teaching of evolution would
weaken both religion and morality.
World War I was followed by a wave of isolationism, coupled with
a desire to return to what was essentially American: the old, tried
and true ways. But the 1920's were not a conservative age. Science
and technology seemed to be revolutionizing the way people lived.
As technology changed the nature of farming, and as more
factories were built, people left the land-and felt that they had left
something important behind. Radio then, like television now,
brought the world into people's homes, giving them a sense of
events beyond their control and passing them by. It is not
surprising that, in a relatively conservative region subject to rapid
change, people might have wanted a way to vote against the
modern world and all its undesirable changes. The Antievolution
laws gave the American south a chance to do so.
Fundamentalist religion has, of course, motivated the attacks on
evolution but the social changes we have just described greatly
reinforced the attacks. Similar social forces exist today. 17
Contemporary social realities are distasteful to many Americans and the
simplistic message of religious right leaders has struck a responsive
chord in some of the public and rallied followers to their cause.
As explanation for the present poor understanding of evolution by
Americans, Grabiner and Miller suggest that
readers may choose their own villain in the story we have told. Like
us, some will find the greatest culpability in the scientific community itself, for the large-scale failure to pay attention to the teaching
of science in the high schools. Others will blame the textbook
authors and publishers for pursuing sales rather than quality.
Some will attach blame to the politicans who exploited antievolu11

tion sentiment to get into, or remain, in office. Others will blame the
conservative Protestant clergy. Some may blame the whole educational system for failing to teach Americans how to evaluate
evidence. and many will blame the evolutionists for bringing the
matter up in the first place. 18
To their list we can add Dr. Gilkey's contention that the clergy and
seminaries of mainline churches have been largely indifferent to educating their constituencies on the nature of science and its relationship to
religion. And lastly, though not necessarily exhausting all relevant
factors, we can add the reckless musings of evolutionists that are subject
to misinterpretation by the average man.
Regrettably, the writings of certain evolutionists have provided grist
for the mill of journalistic popularizers who would have their readers
believe that Darwinism was a house of cards that has now collapsed-for
instance, "Darwin's Mistake" by T. Bethell and "Where Darwin Went
Wrong" by Francis Hitching. 19 Considering the public's present understanding of evolution, such interpreters of Darwin are not without a
readership that is willing to take their rhetoric seriously. Conceivably,
President Reagan's thinking on evolution has been influenced by this
quarter and is sincerely believed and not based on political expediency.
When asked his views on evolution, in Texas, after speaking to a
fundamentalist coalition, Reagan replied
Well it is a theory; it is a scientific theory only, and it has in recent
years been challenged in the world of science and is not yet believed
in the scientific community to be as infallible as it once was
believed. But if it was going to be taught in the schools, then I think
also the biblical theory of creation, which is not a theory but the
biblical story of creation, should also be taught .... I have a great
many questions about it. I think that recent discoveries down
through the years have pointed up great flaws in it." 20
A couple of examples of unfortunate ambiguity introduced by evolutionists can be cited. In a widely quoted paper by Drs. Jukes and King,
"Non-Darwinian Evolution," the authors assume that Darwin was
unaware of the possibility of neutral traits. 21 Since such traits became
amenable to study by biochemical methods a couple of decades ago, their
significance has been a bone of contention among evolutionists. In the
first edition of the Origin, however, Darwin had stated that
Variations neither useful nor injurious would not be affected by
natural selection, and would be left a fluctuating element, as
perhaps we see in the species called polymorphic. 22
Considering the existence of several contradictory evolutionary schemes
in addition to Darwinism (e.g.: Lamarckianism, orthogenesis, finalism,
and nomogenesis), the term "non-Darwinian" as a designation for
evolution by random walk as emphasized by the neutralist school of
thought is simply bosh. In addition, some evolutionists would have us
12

believe that Darwin had put all his apples in the barrel of natural
selection as the sole agency promoting "descent with modification."
Darwin, however, confessed in The Descent of Man, and Selection in
Relation to Sex, "that in earlier editions of the Origin of Species I
probably attributed too much to the action of natural selection on the
survival of the fittest.,2 3
Darwin was about as intellectually honest as it is possible for a person
to be. In his autobiography he wrote
I have steadily endeavoured to keep my mind free so as to give up
any hypothesis, however much beloved (and I cannot resist
forming one on every subject), as soon as the facts are shown to be
opposed to it. 24
In a letter to J.D. Hooker, the director of Kew Gardens and his long-time
confidant, Darwin reflected with characteristic modesty
If I lived twenty years more and was able to work, how I should
modify the Origin, and how much the views on all points will have
to be modified! Well, it is a beginning and that is something .... 25
From a contemporary perspective, however, the modifications needed for
Darwinism have certainly been less than those required for the modernization of the chemistry and physics of Darwin's day.
Thoughts on Charles Darwin and Thomas Huxley that were expressed
by H. G. Wells in his autobiography 48 years ago are as timely today as
when they were written:
These two were very great men. They thought boldly, carefully and
simply, they spoke and wrote fearlessly and plainly, they lived
modestly and decently; they were mighty intellectual liberators. It
is a pity that so many of the younger scientific workers of today,
ignorant of the conditions of mental life in the early nineteenth
century and standing for the most part on the ground won, cleared
and prepared for them by these giants, find a perverse pleasure in
belittling them. In a thousand respects their work was incomplete
and tentative and any little Mr. Whippersnapper who chooses to
use the vastly greater resources of today against them can find
statements made by them that were insufficient or slightly erroneous, and theoretical suggestions that have been abandoned and
disproved, and he can catch a bit of personal publicity from the
pulpit or the reactionary press by saying that Darwin has been
discredited or Huxley superseded. Great joy for Mr. (and Mrs.)
Whippersnapper it is, naturally enough, to realize that he knows
clearly things that Darwin never heard of, and is able to tatter some
hypothesis of Huxley's. Little men will stand on the shoulders of
giants to the end of time and small birds foul the nests in which
they were hatched. Darwin and Huxley knew about one percent of
the facts about variation and mutation that are accessible to Mr.
Whippersnapper. That does not alter the fundamental magnif13

icence of Darwin's and Huxley's achievement. They put the fact of
organic evolution upon an impregnable base of proof and demonstration .... Darwin and Huxley, in their place and measure, belong
to the same aristocracy as Plato and Aristotle and Galileo, and they
will ultimately dominate the priestly and orthodox mind as surely,
because there is a response, however reluctant, masked and stifled,
in every human soul to rightness and a firmly stated truth. 26
That he had been born in the year the Origin was published was
considered a significant coincidence by John Dewey, America's great
philosopher of education. Much of Dewey's philosophical position was
based on evolutionary considerations. His noted essay "The Influence of
Darwinism on Philosophy" appeared in 1909. Four decades later, on the
occasion of a banquet celebrating his ninetieth birthday, Dewey said:
Many years ago I read something written by an astute politician.
He said that majority rule is not the heart of democracy, but the
processes by which a given group having a specific kind of policies
in view become a majority. That saying has remained with me; in
effect it embodies recognition that democracy is an educative
process; that the act of voting is in a democratic regime a
culmination of a continued process of open and public communication in which prejudices have the opportunity to erase each other;
that continued interchange of facts and ideas exposes what is
unsound and discloses what may make for human well-being. 27
Evolution has been rightly termed "the greatest single unifying
principle in all biology," 28 and if its reality is to be recognized by a more
significant majority of Americans than at present, Dewey's "educative
process" must be more efficaciously implemented. It will be no easy task
as our predecessors have forewarned. Even Darwin himself questioned
the possibility of easy dialectical victories over the pre-scientific notions
held by an unsophisticated public and noted "that the greatest benefit for
freedom of thought is the gradual enlightenment of minds that results
from scientific progress." 29 Of course science has been the "goose that
lays the golden eggs" of advanced technology, agricultural productivity,
and better medical care-"for human well-being." Consequently, science
has generally enjoyed the support of the public though its understanding
of fundamental principles such as evolution is limited or erroneous. If the
public is to gain the insight it needs, educational efforts by schools, the
media, modernist churches and scientists must be expanded. Hopefully
we are witnessing such "beginnings .... "
Since 1980, the journal Creation/ Evolution has published critical
reviews of "creationist" arguments as well as a running account of
developments throughout the country. 30 Although many scientists are
content to quietly pursue research and teaching in the Ivory Tower or
industry, some have prepared themselves to be effective debaters against
14

polemicists for "scientific creationism." 31 Since few communities have
their own "Huxley," scientists have organized grass-roots "Committees
of Correspondence" to work with community agencies, churches, schools,
and the media. They serve as a source of information and support. 3 2 Last
July, an hour TV special, "Creation vs. Evolution: Battle in the
Classroom," was broadcast by PBS. Created by KPBS-TVin San Diego,
this videotape may be rented for non-profit, educational purposes. 33 To
influence the selection of scientifically responsible textbooks by states
and school districts, evolutionists and their allies now lobby and testify
before governmental agencies. Last June, officials of the Board of
Education of New York public schools rejected three high school biology
textbooks because of their inadequate treatment of evolution. 34 Despite
the polls on evolution, it can be argued that public interest in science is at
an all time high. The number of popular journals on science has
increased to meet the demand for current information. Television, the
sole source of news for 64% of Americans, has had excellent programs
and series on evolution: "Life on Earth," "The Voyage of Charles
Darwin," "The Ascent of Man," "Cosmos," the Nova series, and
National Geographic specials. 3 5
Around the United States in the past year, numerous symposia have
provided information on evolution for teachers, students, and concerned
citizens. Here at San Jose State University, a gathering, "Evolution-A
Century after Darwin," was held on May 8; this special issue of San Jose
Studies is an outgrowth of that conference. Three of the articles are based
on papers delivered at the meeting by SJSU faculty: "Human Evolution:
A Century of Research," "Evolution and the New Genetics," and
"Biogeography: Where in the World?" The concluding article, "Alfred
Russel Wallace: A Naturalist in Darwin's Shadow," written by an
alumnus ofSJSU, recalls Wallace's concurrent contribution to the theory
of evolution. In keeping with the interdisciplinary character of the
journal, three articles deal with the cultural impact of Darwin's theory:
"Charles Darwin and the Shaping of the Modern Mind," "The EvolutionCreation Controversy: Neither Science nor Religion," and "Evolution,
Education, and the First Amendment." Finally, in "Asteroid Encounters
of the Cataclysmic Kind," Judith and Mark Miller discuss a relatively
new hypothesis which may account for the rapid extinction of dinosaurs.
It is hoped that this special issue of San Jose Studies will encourage
many general readers to further explore the literature of evolutionary
thought. To that end, this essay concludes with a list of recent and
forthcoming publications written by scientists whose prose is intelligible
to the non-specialist.
J. B. S. Haldane, the eminent British biologist and mathematical
genius who put evolutionary theory on a firm mathematical foundation
(The Causes of Euolution), 36 was a brilliant popularizer of science.
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Haldane's prose made science intelligible and relevant for two generations of English-speaking peoples, and a half century ago he warned that
... a scientific point of view will meet with the most formidable
resistances, largely unconscious. But until the scientific point of
view is generally adopted, our civilization will continue to suffer
from a fundamental disharmony. Its material basis is scientific.
The present state of the world suggests that unless a fairly vigorous
attempt is made in the near future to remedy this disharmony, our
particular type of civilization will undergo the fate of cultures of the
past. Those who consider that it is worth saving should realize the
kind of effort which is necessary, and the kind of opposition which
that effort will encounter. 37
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Charles Darwin
and
The Shaping of the
Modern Mind
Rivers Singleton, Jr.

Introduction

E

ACH perl:od of history has had its own unique mind-set, its own
set of fundamental principles whereby it viewed and organized
the world about it. A variety of different methods and techniques have been used throughout history to develop a particular
period's mind-set. By the term "modem mind" in the title, I mean the
collective way contemporary humans think about themselves and the
universe about them. It is my objective in this essay to explore one aspect
of the development of what I have called the modern mind.
Science has undoubtedly been a major shaper of modem western
thought, and there seem to be two major concepts that have influenced
this shaping. One of these is the Newtonian concept of a universe ruled
by a rigid cause-and-effect relationship which is best illustrated by a
sentence attributed to the French mathematician, Laplace. 1 Laplace is
said to have once claimed that if he knew the speed and location of all of
the atoms in the universe, he could predict its entire past and future. 2
That is, the universe is a predictable machine, and if one only understood
its working, its preordained future could be ascertained.
The second major concept in the scientific western intellectual tradition is the rejection of Laplace's premise. 3 This rejection postulates a
universe in which chance plays a major role, a universe in which it is
impossible by definition to determine the speed and location of atoms at
the same time, a universe best described statistically in terms of means,
deviations, and probabilities.
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It seems to me that Charles Darwin is of utmost importance in the
shaping of the modem mind, because he stands in the midst of these two
great conceptual foundations. In Origin of Species, Darwin develops a
mechanism for the production of new species; however, it is a machine
unlike the Newtonian concept, in that it is a mechanism driven by
chance or random occurences.
This essay is as much about the theory of evolution, as about Charles
Darwin, for it is this theory that contributed to a new "mind-set" for the
modem mind. The theory of evolution radically altered the perspective
from which we modem human beings view ourselves, the world that
surrounds us, and our relationship to that world. This can be illustrated
by attempting to place ourselves in the "mind-set" of the Victorian
scientist who Darwin was addressing and asking if we are convinced by
the arguments presented in Origin of Species. When I attempt this, I am
not certain that I would be convinced by those arguments. And that is a
paradox, for I am totally convinced of the correctness of modem
evolutionary theory. I am so convinced that it was extremely difficult for
me to put myself into that Victorian "mind-set" and consider what
science, especially biological science, must have been like before Darwin.
However, as a modern man I believe the theory, not so much because of
what Darwin says in Origin, but rather because it has been verified by a
variety of tests and is totally consistent with everything I know about
biology. My point here is not that Darwin singly created a new "mindset" for modem man. Rather that he produced a concept which has
undergone an evolution itself, a concept which has been molded and
shaped by a number of people until it offers what we presently feel is an
accurate reflection of an aspect of nature.
To understand the changes that Darwin brought about, we must look
briefly at the system the theory of evolution replaced. In the 17th century,
Isaac Newton introduced an important concept into Western thought,
i.e., the idea that the universe operates as a mechanism, as a machine. He
demonstrated that forces which keep the planets moving in their orbits
are identical to those responsible for an apple falling to the earth.
Although the concept of mechanism in the universe dates from antiquity,
Newton provided it with a new impetus; all scientific thinkers rushed to
square their ideas with the concept. The rejection of spontaneous
generation and the preformation controversy are examples of this
attempt in biology. 4 The mechanistic structure of living beings was
becoming increasingly apparent during the 17th, 18th, and 19th centuries. By the 18th century most biologists had agreed that, in the words
of Mayr, " ... the diversity of Nature consists of well-defined fixed
species."5 However, two questions arose. How was it possible to describe
the origin of these complex and complicated beings within the context of
a mechanistic universe? Since each species was unique and unrelated to
the others, how did they arise in a universe ruled by mechanism? These
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seemed to be impossible problems.
For many ofDarwin's predecessors, the answers to these problems was
to introduce divine intervention as a mechanistic process. God was the
mechanistic force responsible for creating the biological diversity we see
on earth today. This was called natural theology and the argument for it
went as follows. If one looks around nature, one finds a great deal of
complexity and interrelatedness. Nature appears to have been designed
with a purpose, much as a watch is designed to tell time. If nature were
designed, it must have a designer, i.e. God, just as the presence of a
complicated watch implies the existence of a watchmaker. This is a
logical conclusion, as we find the sudden appearance of complex objects,
de novo, to be unreasonable.
However, this dogma was being attacked on several quarters by
numerous thinkers prior to Darwin's time; some of these are listed in
Table 1.6 Included are people such as Buffon (considered by many
biologists to be the equal of Linnaeus, although not as well recognized
today) who anticipated much of Darwin's work by almost a hundred
years; Lamarck and Darwin's paternal grandfather, Erasmus, who both
worked out evolutionary schemes, based upon spontaneous generation
and the inheritance of acquired characteristics; Thomas Malthus, who
established important concepts of the limitation of population growth;
Cuvier, who made the very important connection between identity of
fossil and modem structure and anatomy; Lyell, a friend and geologist,
who gave Darwin the concept of geological time necessary for his theory
to have validity; and finally, Wallace, who independently arrived at
conclusions identical to those of Darwin and forced him to publish his
ideas. Thus, evolutionary concepts and ideas were creeping into the
mind-set of Darwin's time. It was within the context of this complex
historical milieu that Charles Darwin obtained his early training and
began thinking about the diversity of living beings.
Origin of Origin of Species
Charles Darwin was born on February 12, 1809 in Shrewsbury,
England. His father was a prominent provincial physician and the son of
Erasmus Darwin, also a physician. In his autobiography, written in
much later life, Darwin claimed that his grandfather's ideas had little
effect on his thinking. 7 However, it is difficult to conceive that his
grandfather's ideas and writings were not debated within the family.
Furthermore, a trial name that Darwin was to use in the preparation of
Origin of Species was Zoonomia, the same name his grandfather used for
his work on evolution.8 His mother was a daughter of Josiah Wedgwood,
a famous potter and a developer of ceramic technology. His mother died
when he was eight, and his sisters represented a strong maternal
influence in his life. His general family situation was probably typical of
a pre-Victorian English upper middle-class upbHnging.
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1703-1788

1731-1802

1744-1829

1766-1834

1769-1832

1797-1875

1823-1913

Table 1
Darwin's Intellectual Heritage
Comte de Buffon Recognized many of the concepts used by
Darwin including the tendency of organisms to multiply, variations within species,
similarity in structures of unrelated organisms, and the extinction of some forms.
Erasmus Darwin C. Darwin's paternal grandfather, a poet
and naturalist; he noted the ecological
relatedness of different organisms, the
fact that living beings constantly change,
sexual selection, and the struggle for
existence.
Jean Lamarck
Perhaps influenced by E. Darwin, he
postulated a constant spontaneous generation ofliving beings at the bottom end of
a scale of being; organisms adapted to
environmental changes and these adaptations were inherited by future generations.
Thomas Malthus Author of Essay on the Principles of
Population which stated that populations
tend to increase in a geometrical ratio,
whereas subsistence increases only in an
arithmetic ratio.
Paleontologist and comparative anatomGeorge Cuvier
ist; he could reconstruct fossil organisms
based on structural-functional analogies
with modern organisms; he realized that
the Pterodactyl was a flying reptile,
rather than a bird.
Persuasive arguments for Hutton's conCharles Lyell
cept of uniformitarianism, i.e., that slow
but constant forces (e.g., wind and water
action) acting over long periods of time
are responsible for shaping the earth's
geology; major impact on C. Darwin in
that he radically altered the view of the
age of the earth.
Contemporary of C. Darwin, and a naturA.R. Wallace
alist working in the Malay Archipelago;
formulated ideas of evolution virtually
identical to Darwin's; he forced Darwin
into publication of Origin of Species.

His early education was in local day schools and boarding schools
around his home. Darwin suggests in his autobiography that he was an
undistinguished scholar and that he had a profound dislike of academic
subjects. He quotes his father as saying" ... you care for nothing but
shooting, dogs and ratcatching, and you will be a disgrace to yourself
and all your family." 9 Some modem educators have taken this comment
at face value, and have concluded that Darwin would be considered a
troublemaker and an "underachiever" in today's educational parlance. 10
In 1825, at age 16, he entered Edinburgh University to pursue a
medical career. He found early evolutionary ideas, such as those of
Lamarck and Erasmus Darwin, to be unsupported, or so he states in his
autobiography. However, Edinburgh was a hotbed of Lamarckian
evolutionary ideas, and one of his professors, Dr. Robert Grant, was a
strong and vocal supporter of Lamarck. In later life, Darwin claimed that
Grant had little influence upon his thinking. But Darwin could also
actually recall details of a discussion of Lamarck's ideas with Grant
during this period.u It seems safe to assume that, while Darwin was not
being turned into a raving evolutionist at this time, he was at least being
made more ready to consider the concept when he later saw evidence
supporting it in nature.
If we were to interpret this period ofDarwin'slife, it probably would be
described in the terms of his father mentioned previously. Darwin
himself says he was interested only in shooting, dogs, and collecting,
especially insects. 12 He soon developed a profound dislike of anatomy
and for the trauma of medicine before anesthesia, and his interest in
medicine soon waned. He also came to the conclusion that his share of his
father's estate would support him in a comfortable style, so that he would
not require a major means of earning a living.
Three years later he entered Cambridge, studying primarily for the
ministry. He notes that he read several divinity books," ... and did not in
the least doubt the strict and literal truth in the Bible." 13 He was heavily
influenced by Paley's Natural Theology. Paley's watchmaker hypothesis
was a widely prevalent argument of the time, and Darwin asserted in his
autobiography that Paley's thoughts had influenced him strongly.
However, he goes on to note that he never questioned Paley's premises,
merely accepting them on faith.
Darwin described his studies at Cambridge as time wasted. 14 Although
he did well in his studies, his primary interest was in collecting,
especially beetles. He was deeply involved in a natural history group and
came under the direct influence of Joseph Henslow, a professor of botany
who encouraged Darwin's naturalist proclivities.
Henslow nominated Darwin to be a naturalist on the Beagle, a ship
which was to begin a voyage to South America and the Pacific for
purposes of mapping and establishing navigational aids. The voyage of
the Beagle gave Darwin time to observe nature and to think about the
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diversity he saw there. It exposed him to a large amount of that diversity
in very concentrated doses. Other naturalists were overwhelmed by this
diversity; Darwin was able to see past the dissimilarities, and find the
common features not previously observed.
Darwin did not formulate his main hypotheses during this period, but
he was able to arrange observations and to reflect upon these observations during this time. His autobiography and other writings indicate
he began the voyage convinced of the immutable nature of species and of
the divine clock-maker at work in nature. He returned convinced that
species do change and undergo series of progressions, leading from one
form to another. He shortly began looking for a mechanism to explain
these changes.
Upon his return to England in 1836 with a voluminous collection of
animals, plants, rocks, and notes, he began a career typical of gentleman
naturalists of his time. He began to write and lecture about his travels,
noting the observations made, and thinking of their meaning. He was
rapidly accepted by his contemporaries as one of the better naturalists of
his time, as evidenced by his election to various scientific societies.
In 1837, he opened his first notebook dealing with the origin of species.
This in itself was a giant leap of imagination, for the philosophy of the
time had difficulty even conceiving of the question. Species had an
obvious origin, so why did one have to consider the problem? During this
time, Darwin says he " . . . worked on true Baconian principles, and
without any theory collected facts on a wholesale scale, especially with
respect to domesticated productions.... " 15 In 1838, he read Malthus'
essay on Population and immediately realized its application to the
problem he had been working on. He wrote a brief essay outlining his
ideas, but made no attempt to publish it. He continued collecting and
building evidence and discussed his developing ideas with a few of his
trusted friends, most notably Lyell, Hooker, and Gray. He worked on a
major book which would present his ideas, however made no attempt at
formal publication. Twenty years later he finally published his ideas,
and only then upon pressure from the outside. In the summer of 1858, he
received a note from Alfred Russel Wallace which essentially summarized his own theory. Darwin remarked that the similarity between his
thesis and that of Wallace was so striking that it was as though Wallace
had been reading his notebooks.
Darwin's reaction was quite interesting, in terms of the way science is
often practiced today. He went to Lyell, Hooker, and other prominent
members of the English science establishment, urging them to publish
Wallace's findings independently. However, they arranged to have the
early unpublished essay by Darwin and Wallace's paper read at the same
meeting of the Linnean Society. Both papers were subsequently published in the proceedings of the Society.
Lyell and Hooker prevailed upon Darwin to organize his observations
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into manuscript form. As I noted above, Darwin had been working for
twenty years on a monumental book, outlining all of his findings with
every shred of evidence he could find to support his theory. Under
pressure from Lyell and Hooker, this work was condensed to 490 pages
and published in 1859. It sold out entirely on the first day and underwent
several subsequent revisions and translations. It had all those qualities
we would today attribute to a "best seller" and is still on occasion quoted
in the modem literature.l 6
Darwin continued a long and productive career for many years after
publication of Origin. Mayr has pointed out that Darwin would have
been a famous naturalist even had he not proposed evolution by natural
selection. 17 However, I wish to discontinue the narrative of his life at this
point, for it is this work that is Darwin's major contribution to modern
thought. Although Darwin subsequently published a number of works,
Origin of Species is at the spiritual heart of them all. 1s
Origin of Species
The general organization of Origin is as follows. Darwin first examines
variation in domestic animals and plants and notes how man is able to
develop almost any characteristic he wants, by selective breeding. He
notes how pigeon fanciers develop a wide variety of pigeons with such
different characteristics that a naturalist might classify them as separate
species, yet these all apparently arose from a single original wild-type
pigeon. 19 Darwin notes that in this process some characteristic is noted
by the pigeon fancier in various forms of the original stock. This
characteristic is then selected as being desirable, and those birds
possessing the trait are bred; those not possessing it are not bred. Thus,
man consciously selects for those characteristics he deems to be
important.
Next, Darwin looks at variation in nature and he considers the very
central question of what is meant by the term "species." He concludes
that there is considerable variation in the interpretation of that term.
Furthermore, whatever is meant, the real question is not so much the
origin of species, but rather the origin of the variation that every
naturalist sees in nature.
He notes the capacity of an organism to increase in numbers far
beyond its capacity to survive. What is it that controls this capacity?
Darwin found the answer to this question in Malthus; i.e., they would run
out of food, and this would put constraints on their ability to grow. All
organisms are constantly competing for food and space. Darwin realized
the fact that all members of what we call a species are not identical in
terms of their characteristics; they vary greatly in their ability to cope
with environmental factors. Some are more capable, some are less
capable of surviving under a given environmental stress. Thus, those
characteristics which best enabled an individual to survive in response
to stress would be preserved and passed on to future generations. Darwin
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referred to this as "natural selection" in comparison with man's selection
in domestic breeding.
We can compare Darwin's view of evolution with that of Lamarck in a
hypothetical explanation of the origin of the giraffe's long neck. 2o
Lamarck would posit that giraffe-like animals in ancient times all had
equally short necks and were living under conditions where food was
becoming less available at ground level. Lamarck would argue that these
animals began to stretch to reach leaves in the trees, and as a result of
this stretching, would lengthen their necks. The next generation would
then be born with longer necks because their parents had stretched their
necks. This is called the inheritance of acquired characteristics.
Darwin would also posit the ancient existence of a giraffe-like animal.
However, unlike Lamarck, he would propose that it was not a uniform
population, in that some had longer necks, some medium necks, some
shorter necks. Today, we talk about means and distributions about the
mean, although this language was not used by Darwin. Those animals
with shorter necks would not have ready access to food in the trees, would
not be as well fed as the long-neck varieties, and consequently would not
leave as many offspring with their characteristic shorter neck. Those
with longer necks would be able to reach the leaves and as a result would
be well fed, and thereby would be able to reproduce more effectively. The
next generation would have longer necks than the previous generation
(again a distribution about a mean), because their parents had longer
necks. Similar competition for food would occur in this second generation,
and those animals with longer necks would again be more successful in
reproducing, thereby producing still another generation with still longer
necks. This process would be repeated over many generations until the
neck length was such that a longer neck provided no advantage in the
competition for resources or until other physiological factors came into
play.
Mter developing his hypotheses in the first several chapters of the
book, Darwin attempts to establish their validity by an argument based
almost entirely upon example, and example, and example. He examines
such topics as geology, embryology, and anatomy, interpreting observations in these areas in light of the hypothesis he is trying to establish. It
seems that his entire argument rests on the reader being overwhelmed by
the number of observations that can be explained by his hypotheses.
Two devastating criticisms of Darwin's hypotheses were proposed shortly
after the publication of Origin of Species. The first had to do with the
mechanism of inheritance of which Darwin was aware. 21 To Darwin's
mind, inheritance occurred via a blending process, in which characteristics from each parent were mixed or blended in the offspring. For
example, the child of one tall and one short parent would be expected to
be of intermediate stature. Fleeming Jenkin pointed out that, if this were
true, then any characteristic of selective advantage to an individual
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would be diluted in subsequent generations. This is contrary to notions
developed in Origin.
To adapt his hypothesis to this criticism, Darwin became more
Lamarckian in subsequent editions; that is, he began to talk about the
effect of use and disuse on the inheritance of any characteristic. The
answer to the criticism came with the rediscovery of Mendel's concept of
the gene. Mendel demonstrated that genes are expressed undiluted in
subsequent generations. If the modified gene gave its possessor a
survival advantage over its neighbors, the organism lived to pass that
gene on to subsequent generations. If the modified gene were deleterious,
the organism died, before the gene could be passed on.
The second criticism came from the developing field of thermodynamics. 22 Lord Kelvin treated the earth as a thermodynamic cooling
body and calculated the estimated rate of heat loss. This calculation
suggested that the age of the earth was insufficient to account for the
immense span of time required for evolution to occur. This caused major
difficulties, not only for Darwin, but for his contemporaries in geology as
well. Again, the solution to the criticism came from advances in another
area of science. As the nature of radioactivity was discovered at the tum
of the century, it was realized that the earth was actually a heating body
(due to the decay of radioisotopes in the earth's core) rather than a
cooling body. Thus, Kelvin's elegant thermodynamic calculations were
based on an incorrect assumption.
Both criticisms are important to our understanding not only of the
scientific basis of evolution, but also for our understanding of science
itself. Both were serious objections to the theory of evolution within the
context of the scientific world view of the time. Jacob Bronowski has
noted that" ... science is the acceptance of what works and the rejection
of what does not." 23 Science must constantly match its ideas against the
world as we perceive it. Part of that perception arises from other areas of
science. Darwin's idea did not work in a world perceived through the
objections of Jenkin and Kelvin. It was only when those objections were
answered that the theory took on new validity.
Perhaps we can draw a limited parallel here with what went on in the
physical sciences many years before, leading from Copernicus through
Kepler to Newton, with the development of the biological sciences.
Copernicus gave an unsupported hypothesis that in reality was testable
only by. a few sailors who were traveling to the edge of the Ptolemic world;
Kepler provided a mathematical description of the system Copernicus
described, adding logical support to the hypothesis; Newton provided an
experimental system to test the hypothesis, by demonstrating that forces
which cause an apple to fall to the earth are identical to those which can
keep the planets in their orbits.
In a similar fashion, Darwin presented us with an attractive, but
partially untestable hypothesis; it was untestable because it failed to
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provide a substrate for natural selection to act upon.2 4 Mendel provided
that substrate by developing the concept of the gene. With the development of the gene concept, the field of population genetics flourished
and it became possible to go into the field and measure "gene pools" and
follow their variation, as would be predicted by the concept of natural
selection. Finally, with Watson and Crick's model of the chemical
structure of the gene, we obtain a more unified picture of evolution. With
knowledge of gene structure we can account for the source of variation
within organisms, i.e., mutation. Furthermore, we can test the direction
of genetic information flow. We can ask questions such as: Is it possible
to modify the gene by external forces as predicted by Lamarck? Does the
information flow in only one direction, from genotype to phenotype? And
these questions have been repeatedly answered in the negative.
Evolution is accepted as a valid theory today, not so much because of
what Darwin said, but rather because it is totally consistent with
everything else we have found out about biology. The reason the theory is
accepted as valid has little to do with Darwin, or Mendel, or even Watson
or Crick. It is accepted because of the synthesis of all of these minds, as
well as thousands of others, who contributed little bits of information to
build up a unified and internally consistent picture of reality. 25
Cultural Impact of Darwin
The impact of Origin of Species on its time was explosive, according to
Ernst Mayr, who refers to it as" ... a book that shook the world." He
states that the book had" ... a greater impact on man's view of himself,
than the works of Copernicus, Newton, or even more recent physicists. " 26
To clarify that impact, let me recapitulate some of the ideas which
created the temper of the mid- to late-19th century pre-Darwinian mind.
In some respects, we can say that the pre-Darwinian view of man can
be described in the terms teleological, vitalistic and finalistic. 27 The
predominant view was of a universe formed in a single creative act, by an
all encompassing God, who made all species of plants and animals,
including man, at that time, for a specific purpose. Consequently,
creation was a one-time thing that had occurred and was finished. All
existing organisms were the direct descendants of those created in that
initial creative act.
While this was a predominant view, it was obviously not the only view.
Copernicus, Kepler, Newton and many others had clearly demonstrated
that the physical universe operated according to precisely defined laws.
Darwin's own lifetime saw some of the most intense activity in physics
and chemistry in which basic and fundamental principles were discovered;
it was a time in which science was actively being invoked to relieve man's
working conditions and, in the process, was wreacking havoc with many
of our social institutions. To illustrate the impact of this rapid growth in
technology, consider that when Darwin entered Edinburgh as a teenager
the first British railroad was being built. By the end of the century,
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shortly after his death, almost all of Britain's presently existing rail lines
had been finished. 28 Because we were able to so accurately and precisely
predict and describe the physical universe around us, it was only logical
that we should begin turning to a description of ourselves and our
origins. Thus, there were numerous attempts prior to Darwin to explain
the origins of the diversity of living organisms, as I mentioned previously.
It is probably safe to say that the bulk of Darwin's contemporaries were
theologically and philosophically opposed to any nonteleological,
non vitalist and nonfinalist views of the origin of species. But the books
Origin of Species and Descent of Man made major contributions to the
demolition of this view.
What was the shock Darwin introduced? The implication of his theory
is that creation is not a finalist process, but rather is ongoing and is even
occurring today. Characteristics of living beings are not static and
immutable, but rather are extremely plastic and fluid. Darwin did for
biology what Copernicus, Kepler and Newton did for astronomy. He
showed that Man was no longer the final act of a single creative event,
but rather was the present result of an ongoing process, which was
leading to an unpredictable future; just as the astronomers had demonstrated that the earth, rather than being the center of the universe, was merely
a small part of a much larger system operating by definable physical
principles.
The concept of vitalism was of lessening importance to 19th century
life. However, Pasteur and Tyndall did not perform their classic
experiments removing the last vestiges of spontaneous generation for
five to six years after the publication of Origin. Thus, the idea that living
matter contained a "vital force" that somehow set it off from inorganic
matter was still important in Darwin's time. The theory of evolution did
little to directly abolish the idea of vitalism, except in one important
respect. Evolution by natural selection is a very mechanical process;
acceptance of such a concept makes the rejection of vitalism, which is
more mystical, much easier.
Finally, we come to the idea of teleology. It is very clear that Darwin
underwent a profound change in his own belief, from preparing for a
career in the ministry and uncritically accepting the conventional
Christianity of his time, to almost complete atheism or at least agnosticism. In his autobiography he tells us this change came about from
seeing the grounds for development of his hypothesis. He notes, "The old
argument from design in nature, as given by Paley, which formerly
seemed to me so conclusive, fails, now that the law of natural selection
has been discovered." 29 The very clear implication of Origin is that a
variety of small differences occur within any population of organisms.
These variants occur naturally. If they are beneficial for survival to the
bearer, they are saved by natural selection by increasing the number of
off-spring. If disadvantageous, the bearer is unsuccessful in competition
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with other organisms and produces fewer off-spring. However, there is no
preordination in this variation; it occurs randomly.
To my mind, it is this implication of non teleology, or randomness, in
the origin of man that caused the greatest impact in Darwin's revolution.
A consequence of this revolution was a profound change in the world
view of mankind, resulting in changes in all areas of human culture,
including religion, ethics, social conduct, and aesthetics. These changes
are still occurring today. Let me now explore some of them.
In the area of religion, changes induced by Darwin have ranged from
the trivial to the significant. Asa Gray, a contemporary of Darwin, saw
no problem in Darwin's ideas. He felt that if the inference of design
followed from the observation of structure prior to Darwin, then the
introduction of a mechanism should not change this interpretation. He
said,
The whole argument in natural theology proceeds upon the ground
that the inference for a final cause ... is just as valid now, in
individuals produced through natural selection, as it would have
been in the case of the first man, supernaturally created.ao
Basically, Gray was not troubled by providing the watchmaker with a
mechanism for the creation of intricate parts. It is interesting that Gray
had an inside track to Darwin's thinking. He was a close friend and was
one of the few people fully aware of Darwin's ideas before receipt of
Wallace's paper. Many theologians have taken similar positions to that
of Gray. This view is best summarized by a comment of James McCosh of
Princeton, who said, "Supernatural design produces natural selection."3 1
More recently, we have seen the impact of Darwin and of the theory of
evolution on the theology of Teilhard de Chardin, a French priest and
paleontologist, who died in 1955. Teilhard's entire theology begins with
the assumption of evolution; evolution is at the very heart of this
theology. He sees evolution as "an ascent towards consciousness" which
should "culminate in some sort of supreme consciousness." 32 He manages to achieve a total synthesis of traditional views of the divinity of
Christ with modern evolutionary ideas. He sees man as being on an
evolutionary track leading to an ultimate synthesis with God.
Thus, we can see a range of Darwinian impact on religion, ranging
from casual acceptance to integration and synthesis. However, Darwin
is probably most recognized for the lack of incorporation of his ideas into
religious theory and practice. Probably there are more religious thinkers
who have denied Darwin's ideas than have accepted them. These occur
not only in conservative Christianity, but also in Judaism, Islam and
some of the modern Eastern mystical religions. Numerous attempts have
been made since Darwin's time to legislate religious principles as
scientific fact. Fortunately, these have generally been unsuccessful;
however, new attempts are in the wind. This is indeed unfortunate.
Modern biology plays an increasingly important role in shaping the
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mind-set of modem man and consequently poses many serious challenges
to religious beliefs. It deserves a serious response from the religious
community, and attempts to legislate the challenge away is to deny the
reality of the challenge.
Darwin's impact on ethics and social conduct are so interrelated as to
be inseparable. However, the impact came not so much from Darwin
himself, but rather from a Darwinian contemporary, Herbert Spencer, a
noted economist and philosopher. It was Spencer who coined the phrase
"survival of the fittest," 33 which Darwin adopted and used in later
editions of Origins. Like Darwin, Spencer was heavily influenced by
Malthus, and set forth the idea that the effect of subsistence due to
population pressure would be beneficial to mankind. Spencer's philosophy
called for the total removal of the state in the affairs of man; not only poor
laws, but even state-supported education and sanitary control were to
cease.
Darwin reinforced Spencer in two ways. First, by removing man as a
divine creature of God, he removed the ethical responsibility man has
from this relationship. It was necessary to find a new basis for ethical
accountability. 34 I do not wish to imply that Darwin was solely responsible
for this shift in ethics, but by introducing the concept of mechanism into
man's origin, he contributed to a need for a new ethical base. Second, by
developing a scientific theory which could be couched in the terms used
by Spencer, Darwin provided a sense of scientific respectability for
Spencer's ideas. Science had been able to answer so many questions, and
to establish the validity of its answers, that people tended to accept
anything couched in scientific terms.
More recently, we have seen the impact of modern concepts of NeoDarwinism introduced into the social structure in the sociobiology
controversy as suggested by Figure 2. Both sides of the controversy see man as an evolving species, but one side sees this evolution proceeding in the cultural milieu, the other in a genetic mechanism.
In the area of aesthetics Darwin has had a profound effect. As I
mentioned earlier, Origin of Species began a process of reshaping our
view of the world and man's place in it. Even before Origin, Tennyson
anticipated Darwin's view of natural selection when he wrote in In
Memoriam:
Are God and Nature then at strife
That nature lends such evil dreams?
So careful of the type she seems,
So careless of the single life,
That I, considering everywhere
Her secret meaning in her deeds,
and finding that of fifty seeds
She often brings but one to bear....3s
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Figure 2.

Dramatic representation of the sociobiology controversy by Malcolm McNeil. ©1978 by the New York
Times Company. Reprinted by permission.

Thirty years after the publication of Origin Tennyson was to say this
about man's origins and his destinations:
I have climbed to the snows of Age, and I
gaze at a field in the Past,
Where I sank with the body at times in
the sloughs of a low desire,
But I hear no yelp of the beast, and the Man
is quiet at last,
As he stands on the heights of life with
a glimpse of a height that is higher. 36
On another, but no less sublime level, Darwin opened a new dimension in humor, as exemplified by the Charles Addams cartoon, FigureS.
However, some see in Darwinism and in science generally a destruction of aesthetics in human culture. Donald Fleming, an historian at
Harvard, has called Darwin "the anaesthetic man," and quotes Darwin
correctly as losing his interest in art, poetry and music as his ideas on
natural selection developed further. 37 Others have felt that the application of science to any understanding of human nature and origins
somehow leads to a diminution in feelings and respect for human values.
However, I must stand with Jacob Bronowski, and insist that this only
occurs when we somehow view "science" as not being a part of the
totality of human culture. 38 When we come to view science as an integral
part of our culture, as we do art and literature, then perhaps this
dichotomy will end.
I would like to submit that perhaps, like Darwin, we can find
aesthetic satisfaction in the beauty of science itself and in the description
of nature it gives us, as illustrated by the closing passage of Origin of
Species.
It is interesting to contemplate an entangled bank, clothed with
many plants of many kinds, with birds singing on the bushes, with
various insects flitting about, and with worms crawling through
the damp earth, and to reflect that these elaborately constructed
forms, so different from each other, and dependent on each other in
so complex a manner, have all been produced by laws acting
around us .... Thus, from the war of nature, from famine and death,
the most exalted object which we are capable of conceiving,
namely, the production of the higher animals, directly follows.
There is a grandeur in this view of life, with its several powers,
having been originally breathed into a few forms or into one; and
that whilst this planet has gone cycling on according to the fixed
law of gravity, from so simple a beginning endless forms most
beautiful and most wonderful have been, and are being, evolved. 39
In part, I think Darwin is trying to shift our aesthetic perspective into a
view of nature that verges on pantheism; that is not particularly new.
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But there is a second view of nature in this passage, a view that is
perhaps new. It is the idea that nature works as a mechanism, not a
mechanism in the sense used by Isaac Newton, but nevertheless a
mechanism understandable by the human mind. And there is every bit
as much beauty in that mechanism as there was in Newton's mechanism
for the operation of the universe, or in any other beautiful mechanism
created by man.
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Table 1. Man's Place in the Animal Kingdom.
KINGDOM: Animalia (animals)
PHYLUM: Chordata (chordates)
SUBPHYLUM: Vertebrata (vertebrates)
CLASS: Mammalia (mammals)
ORDER: Primates (primates)
SUBORDER: Prosimii (prosimians or pre-monkeys)
lemurs, lorises, tarsiers and three extinct superfamilies
SUBORDER: Anthropoidea (anthropoids)
monkeys, apes, and men
SUPERFAMILY: Hominoidea (hominids)
apes and men
FAMILY: Hylobatidae (hylobatids)
gibbons
FAMILY: Pongidae (pongids)
orangutans, gorillas, and chimpanzees
FAMILY: Hominidae (hominids)
GENUS: Australopithecus (australopithecines)
GENUS: Homo (man)
SPECIES: Homo erectus (primitive man)
SPECIES: Homo sapiens
SUBSPECIES: Homo sapiens neanderthalensis (archaic man)
SUBSPECIES: Homo sapiens sapiens (modern man)

Human EvolutionA Century of Research
Robert Jurmain

0

NE hundred years ago, in 1882, what was known specifically
of the evolution of the human family? In fact, very little was
known, as only a meager handful of relevant fossils had been
discovered. Worse yet, those that had been found were either ignored or
grossly misunderstood.
Probably the most famous of these mid-nineteenth century hominid
discoveries (see Table 1 for discussion of terminology) was the find in
1857 of a partial skeleton from the Neander Valley of Germanyhenceforth giving its name - Neanderthal - to this fossil form.
Although well preserved and showing subtle but unmistakable differences from modem humans, popular skepticism about evolution (and
human evolution, particularly) led scientists to dismiss this discovery as
some kind of aberration. Rudolph Virchow, the renowned German
pathologist, declared that the Neanderthal find was actually a modem
man who had reached extreme age having survived rickets as a child,
severe head injuries in middle age, and advanced arthritis in his later
years.
The only other significant discovery prior to 1882 also was a Neanderthal-vintage form - a partial skull found on Gibraltar in the 1840s
(the exact date is not known). This find, however, was nearly completely
ignored; Virchow did not even mention it in his commentary on the
Neanderthal find.
Despite such paltry evidence, not all scholars were as skeptical as
Virchow. Indeed, following publication of On the Origin of Species (1859)
a tide of enthusiasm swept through European intellectual circles.
Notable among the exuberant thinkers was Ernst Haeckel, the eminent
German zoologist. Haeckel busied himself constructing evolutionary
trees of descent. Since, however, evidence of the most recent links (i.e.,
between humans and great apes) was missing, he had to imagine them.
Thus arose his "Pithecanthropus" (i.e., ape-man) whom he saw as the
most recent link in the human family tree.
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Views such as Haeckel's led to searches for these "missing links."
While such stimulus did, in fact, yield productive results, the notion of a
missing link was ill-founded. Postulating common ancestral forms as
half-way mosaics of their descendants is not in keeping with Darwin's
theory of "descent with modification." As implied, descendants gradually become more different from their ancestors. Accordingly, ancestral
forms will not be identical to modem ones nor will intermediate forms
necessarily be compromises of two extant species.
However, the first significant discovery of an unambiguous presapiens hominid resulted from the fond hope of discovering a missing
link between apes and humans. Eugene Dubois, a young Dutch anatomist working in Amsterdam in the 1880s, was familiar with the works of
Darwin and Haeckel. Turning from a promising academic career in
anatomy, Dubois committed his life to finding the elusive missing link.
Where was he to look? In Sexual Selection and the Descent of Man (1871),
Darwin suggested Africa, as this continent is the home of the chimpanzee
and gorilla. Informed opinion- as exemplified by Wallace and Haeckel
-also pointed to Southeast Asia (the home of the other two extant apes,
the gibbon and orangutan) as a likely spot.
The course of scientific discovery often lies in the fickle hands of
chance and convenience. So it was with Dubois. As a Dutch citizen,
nothing could be more convenient than setting up shop in the Dutch
colony of Indonesia. Setting off in 1887 for a destination half-way around
the globe in pursuit of fossils no one was sure even existed would not
appear the most judicious act. But, as the history of hominid paleontology so often exemplifies, dedication and blind luck are often an
irresistible combination.
By 1891 Dubois had found his fossil - a primitive-looking thick, low
skullcap associated with an obviously bipedal-adapted femur (thighbone). Recognizing it as a truly remarkable find and exactly the "missing
link" he had set out to find, Dubois christened his discovery as
"Pithecanthropus erectus" (the genus name borrowed from Haeckel).
In the nineteenth century, not surprisingly, Dubois' discovery met
with mixed reviews. Virchow and many of his colleagues still refused to
accept the find as a genuine hominid ancestor. In his later years Dubois
tragically became warped by any criticism of his beloved fossils. In the
end he hid them beneath the floorboards in his dining room, refusing
access to everyone. Shortly before his death (in 1940) Dubois even came
to reject the hominid status of his fossils and declared them to be remains
of a giant extinct gibbon.
Later finds, particularly from China - but also from Africa and
Europe - have clearly established that Dubois' initial discovery represents a widely distributed member of our own genus (living about 1.5
million to 250,000 years ago). Almost universally this form is now
referred to as Homo erectus.
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Phylogeny of hominid evolution in the Plio-Pleistocene:
A provisional view.

After the 1891 discovery of Pithecanthropus (Homo) erectus, little
happened in human paleontology. Surely, spectacular discoveries of
European Neanderthals emerged in the early decades of the twentieth
century, but they continued to be greatly misunderstood.
If anything, the first two decades of this century mark a setback in
human evolutionary research. The villain in this was Piltdown "discovered" in England in 1911 and announced to the world as the
earliest hominid. Piltdown, to its English admirers, was a dream come
true. First of all, it was English (remember, the French and Germans had
been finding goodies for years). Second, it confirmed the popular bias
concerning the course of human evolution: the brain got big first with
changes in dentition and locomotion coming later. The problem with
Piltdown was, of course, that it was a fake. Some clever but mischievious
forger stained and filed down the jaw of a juvenile orangutan and
planted it with the cranium of a recent human. The amazing part of this
tale is that the forgery was not detected until the 1950s- forty years after
its concoction! Thus human paleontology suffered from useless confusion
for decades.
Curiously, the Piltdown debacle stole center stage from another
(authentic) discovery in the earlier part of this century. In 1924 the
partial cranium of a very small-brained (but big-toothed) child was found
at Taung in South Africa. Described and named by the energetic young
Australian-born anatomist, Raymond Dart, this fossil also generated a
firestorm of controversy. Initially, Dart also believed he had a true
missing link and, accordingly, in 1925 named his little fossil, Australopithecus africanus ("Southern man-ape of Africa"). By 1926 Dart
recognized that what he had was not a half-way compromise between
apes and humans, but represented a form already clearly on the human
family tree- i.e., a definite hominid.
Still, this opinion met with little support. Particularly the English
anatomical/ anthropological establishment was little impressed. After
all, they had Pitldown which told them that the little australopithecine's
brain was much too small to be considered a hominid.
It thus became clear to Dart that more complete fossil discoveries were
required to convince a skeptical world of the true status of Australopithecus. Not an experienced fossil hunter himself, Dart found a valuable
ally in Dr. Robert Broom, a retired Scottish physician and accomplished
paleontologist. Already in his sixties, Broom still possessed vast energies
as well as a virtual Midas touch for finding fossils. Beginning in the
1930s and stretching into the early 1950s, Broom and his associates
found dozens of early hominid (australopithecine) fossils in several sites
in South Africa. With a few more pieces added in recent years, the total
bounty of fossils from this remarkable area now exceeds 1000,
representing at least 150 individuals. Dating of these sites still poses
tremendous problems, but the best guess is that the South African
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Table 2. Significant African Sites.

australopithecine& range in time between about three million and one
million years ago.
This incredible wealth of fossil data eventually swung the tide of
professional opinion. By about 1950 the general consensus came to
recognize the australopithecine& as definitively early, yet small brained,
hominids. Such a conclusion made Piltdown look all the more anomalous
and was one of the motivations for reexamining that mysterious "fossil."
At about the same time the first australopithecine& were coming to
light in South Africa further dramatic discoveries of Homo erectus fossils
were being made in Asia. In the late 1920s and 1930s at Choukoutien,
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outside of Peking, a fabulously rich array of cave sites yielded thousands
of bones. In this paleontological bonanza were remains of at least forty
hominids. For the first time a population could be defined - a key
essential to twentieth century evolutionary-based population biology
(which as a synthetic discipline was also emerging in the 1930s).
Despite the already quite startling finds from South Africa, the world's
attention was directed towards these more recent Chinese discoveries
{probably dating to about 400,000-500,000 years ago). Initially- with the
spectacular Neanderthal discoveries- scholars thought Europe was the
center of early hominid diversification. Later, as the finds of Homo
erectus accumulated in Java and China, Asia was considered the prime
region. Curiously, Africa was largely ignored. It must be remembered
that scientists are constrained not only by the immediate data at hand,
but also by the intellectual environment in which they were trained.
Consequently, a certain amount of Western ethnocentrism permeated
early ideas about human evolution. As we shortly will see, recent quite
remarkable discoveries in East Africa have forced a major reorientation
of our ideas about early hominid evolution.
Since it was such a substantial population, the Chinese Homo erect us
fossil collection was one of the most important discoveries yet inhuman
paleontology. Fortunately, excellent anatomical descriptions, photographs, X-rays, and plaster cast reconstructions were done by Franz
Weidenreich, the noted German (and later, American) anatomist. Without
Weidenreich's meticulous scientific observations we would know almost
nothing of "Peking Man," since the entire fossil sample disappeared at
the outbreak of World War II.
Throughout the world the Second World War interrupted paleontological investigations. But when field work resumed in the late 1940s
some further discoveries were made in South Mrica and in Western
Europe.
Except for the debunking of Piltdown, however, not much occurred
through most of the 1950s. All this changed on a July morning in 1959
when Mary Leakey happened upon the skull of a large australopithecine
at Olduvai Gorge in East Africa. Mary and her husband, Louis Leakey,
had toiled at this archeologically fabulously rich site for more than
twenty years. But before that fateful day in 1959 they had not found any
major hominid fossils. With the discovery of a nearly complete very
robust australopithecine cranium (in direct association with a large
concentration of tools and animal bones), the world's attention suddenly
riveted on East Africa.
Louis Leakey, true to his European paleontological training, initially
assigned his australopithecine to an entirely new genus, "Zinjanthropus."
Most anthropologists today would simply "lump" this fossil with
Australopithecus, but still somewhat affectionately refer to it as "Zinj."
Zinj was an extremely important discovery, as it brought financial
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backing (from the National Geographic Society and other sources) to
research at Olduvai and eventually several other sites in East Africa.
Another, not often publicized, aspect of scientific research concerns
finances. Organizing large scale research projects in remote areas is
extremely expensive. Usually the only way to insure ongoing support is
to discover something startling; and for human evolutionary research
that means only one thing: well preserved hominids! If one is lucky
enough to scrape together enough backing for a survey project, one can
only pray that he find something exciting before the money runs out. In
East Africa, Zinj proved to be the catalyst. By the mid 1960s at least ten
major excavations were completed at Olduvai yielding thousands more
stone artifacts and remains of close to thirty hominids- representing at
least two distinct lineages. Today the hominid tally at Olduvai exceeds
fifty individuals. More importantly, Zinj and his com padres pointed the
way to other East African sites.
The inhospitable terrain on the east side of Lake Turkana inNorthern
Kenya has been explored by Richard Leakey (the second oldest son of
Louis and Mary Leakey) and his associates since 1968. With a total yield
now of close to 200 hominid individuals, this site is the richest in Africa.
In addition to its great size, the fossil assemblage is complete enough to
tell us a great deal about early hominid evolution. The hominid-bearing
beds at Lake Turkana go back about 1.8 million years - about the same
time range as at Olduvai.
Because of the discoveries at Olduvai, most especially a nearly
complete cranium (1470) found at Lake Turkana in 1972, paleoanthropologists now generally agree that there were two separate lineages on
the human family tree around two million years ago. One of these represented by Zinj and the majority of the South African finds - is
Australopithecus. The other- represented by skull 1470 and some
fragments from Olduvai- is an early member of our genus, Homo
(sometimes called Homo habilis). As the nomenclature implies, H.
habilis is suggested as on the "main line" of human evolution -leading
to H. erectus and eventually, H. sapiens. The australopithecines, on the
other hand, eventually go extinct (presumably by about one million
years ago).
These discoveries dating from about two million years ago at Olduvai,
East Turkana, and a few other sites in East Africa are highly significant
on several scores: (1) they are abundant - now totaling more than 250
individuals; (2) they are in datable contexts - provided by radiometric
techniques in the volcanically derived sediments of the East African Rift
Valley system; (3) they are in direct association with artifacts, thus
giving a more complete picture of early hominid behavior as well as
morphology; and (4) for the first time, two major contemporary hominid
lineages were demonstrated.
Thus the situation stood around 1975. Still, some nagging questions
persisted. How old is the hominid line? What did really early hominids
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look like? We know that by two million years ago hominids were fully
bipedal in both lines and that in one lineage (Homo) brain expansion was
proceeding rapidly. But how far back did the bipedal adaption go, and
what were the accompanying changes in dentition and neurological
structure?
The answers could only come from still older hominid discoveries. And,
once again, East Africa provided the fertile ground. In the mid-1970s two
new areas dated in the 3-4 million year range were systematically
explored for the first time. Laetoli, located in Northern Tanzania only
about thirty miles from Olduvai, has yielded fragmentary fossil remains
of24 hominids dated approximately 3. 7 million years ago. In addition to
bones, Laetoli has yielded a goldmine of ancient footprints. Literally
thousands of footprints of a wide variety of animals have been
permanently embossed in the volcanic ash there. Among these are entire
trails of prints left by highly efficient bipedal creatures- i.e., hominids.
The other early hominid site, the Hadar located in the Afar triangle of
N ortheastem Ethiopia, has been investigated by a joint French-American
team. The American contingent, led by Donald Johanson, has been
responsible for the recovery of a minimum of 37 individuals from just a
handful of field seasons. Escalating warfare interrupted fieldwork in
1977, but preliminary surveys have recently recommenced and added
two more hominids to the tally. Consequently, this area should prove one
of the richest sources of new hominid fossils in the years to come.
The Afar region is especially significant because it is quite early
(estimated ages for hominid-bearing levels: 2.9-4.0 million years); it has
abundant, well-preserved hominids - including the 40% complete
skeleton, "Lucy"; and it contains the oldest archeological site yet found
(about 2.5 million years).
These early hominids found at both Laetoli and the Afar are different
from anything previously unearthed. In the last two years discussions
and out-and-out arguments over their interpretation have created a great
deal of controversy in paleoanthropological circles. At present, it appears
that the fossil hominid assemblages from both sites repreHent an early
form of australopithecine - a small-brained and surprisingly largetoothed form. In fact, these 3-4 million year old australopithecines are the
most primitive definitive hominids yet found. In recognition of their
distinct status Johanson and his colleagues (especially Tim White of
U. C. Berkeley) have assigned a separate species name to all these fossils:
Australopithecus afarensis.
Richard and Mary Leakey and some of their associates disagree,
believing some of these fossils are not australopithecine, but represent
instead the already-emerging lineage leading to genus Homo. This latter
contention, however, has not yet been supported by convincing fossil
data.
Interpretation of hominid evolution is always a perilous undertaking.
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Fragmentary remains have to be carefully cleaned, reconstructed, and
measured, an ordeal sometimes requiring years of effort. For example,
despite the fact that the first hominid came from the Afar in 1973, the
first systematic descriptions of these fossils did not appear until this
year, 1982.
Even once such discoveries are added to the evolutionary equation, we
are still dealing with a very incomplete picture, analogous to a jigsaw
puzzle with most pieces missing. In such an atmosphere it is often easy
for professional rivalries and jealousies to emerge. Paleoanthropology
has always had more than its share of such clashes. Interpreting the
remains of our immediate ancestors quite often becomes an emotional
venture, leaving scientific objectivity in its wake.
Commenting on this regrettable tendency, the eminent American
evolutionary biologist, George Gaylord Simpson, wrote in 1945:
The peculiar fascination of the primates and their publicity value
have almost taken the order out of the hands of sober and
conservative mammalogists and have kept, and do keep, its taxonomy in a turmoil. Moreover, even mammalogists who might be
entirely conservative in dealing, say, with rats are likely to lose a
sense of perspective when they come to the primates, and many
studies of this order are covertly or overtly emotional.
Further fueling professional controversies and producing useless
confusion are the strong personalities that more often than not distinguish paleoanthropologists from their peers in more restrained academic
pursuits.
In the immediate future we can expect the pace of discoveries to
accelerate. We can also expect that these discoveries will generate
continued professional debate. Such, after all, is the self-correcting
nature of science.
Indeed, several important new discoveries have come to light in the
past few years. Abundant new hominoid remains from the Middle
Miocene (c. 14-8 million years ago) have been found in the last decade in
Hungary, Greece, Turkey, Pakistan, China, and Kenya. In fact, over this
short span our data base has almost doubled for some key elements of
primate evolution during this time period.
In addition, a nearly intact H. erectus cranium was found at East Lake
Turkana in 1976, and another partial H. erectus cranium was discovered
at Bilzingsleben, East Germany, in 1971. Finally, significant new
Neanderthal discoveries have been made in recent years at the Vindija
cave site in Yugoslavia, and a partial Neanderthal skeleton was excavated
at St. Cesaire, France, in 1979.
The immediate future offers further challenges. New discoveries from
Pakistan, Greece, China and elsewhere have cast new doubt on the
evolutionary affinities of that elusive Miocene hominoid, Ramapithecus.
As a result, in the last five years the two leading researchers (Elwyn
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Simons and David Pilbeam) who most ardently argued for Ramapithecus
as a hominid have reversed their position. Further discoveries of Late
Middle Miocene forms can be expected to further complicate our interpretations of primate evolution during this period. We, however, should
no longer anticipate evidence to indicate a hominid divergence prior to 10
million years ago.
If we hope to solve this puzzle, much more evidence from the "gap" in
the paleontological record must be found. Some fruitful fossil-bearing
areas dating to this time range (10-5 m.y.a.) are already known. Tim
White has indicated there are rich fossiliferous beds in the Mar going
back to at least six million years ago. In the last few months fragmentary
hominid remains have been discovered there dating to about four million
years ago.
Moreover, there are rich beds along the Western branch of the African
Rift Valley System extending through Zaire, Uganda, and Libya. Vast
areas in southwestern Asia (Saudi Arabia, Mghanistan) are also
thought to be potentially productive. Finally, Eastern Asia (China)
should also yield tremendous new discoveries.
Despite a century of active exploration, it is an amazing and exciting
prospect to realize that vast areas of the world are paleontologically still
basically unexplored. It is impossible to predict exactly what the next 100
years of hominid paleontology will reveal. Certainly, they should be as
interesting and fruitful as the last 100 years.
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and
The New Genetics
Robert G. Fowler

Evolution and the New Genetics

0

NE of the remarkable aspects of Darwin's explanation for
evolution is that it was formulated without knowledge of the
fundamental principles of genetics. Indeed Darwin was burdened with incorrect beliefs concerning heredity. However, the rediscovery of Mendelian genetics at the beginning of this century and the
formation of population genetics by Haldane, Fisher, and Wright in the
1920s and 1930s allowed evolution to be explained in classical genetic
terms. Whereas the evidence for the occurrence of evolution is overwhelming today, the precise mechanisms of evolution remain elusive to
investigators. During the past 40 years, with increased acceleration in
the last 10, facets of genetics have been and are being revealed at the
molecular level. The impact that molecular genetics - the new genetics
-is having on evolutionary theory is immense and surely will be even
more significant in the near future.
Molecular Genetics For Beginners
Before initiating a discussion of molecular evolution, a brief introduction to molecular genetics is in order. The genetic material of all
organisms is deoxyribonuclei acid (DNA), a large, linear molecule
composed of subunits called nucleotides. (Some viruses utilize a second
nucleic acid, ribonucleic acid (RNA), instead of DNA as their hereditary
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language). There are four types of nucleotides in DNA, each characterized by the type of nitroenous ring compound or base it contains guanine (G), cytosine (C), thymine (T) or adenine (A). The genetic
information in DNA is used to produce proteins, the important macromolecules which have many roles in the cell, including those as catalysts
for chemical reactions.
Proteins consist of amino acid subunits, linearly attached to each other
by peptide bonds. There are 20 such amino acids commonly found in
proteins, each with an amino group (NH2), a carboxyl group (COOH) and
an atom or group of atoms that is unique for each amino acid.
The information in DNA is in the form of codons, three adjacent bases
as part of three adjacent nucleotides in the long linear DNA molecule.
Each codon specifies a particular amino acid. Since there are four
different bases (each defining a particular kind of nucleotide) and three
base code for a single amino acid, there are 64 (43) possible codons or code
words for the 20 amino acids found in proteins. It has been established
that 61 of the 64 possibilities do indeed code for amino acids; the
remaining three are used for instru tions to terminate protein synthesis.
Since there are 61 codons and only 20 amino acids, several amino acids
are coded for by more than one codon and the genetic code is described as
being degenerate. The amino acid coded for by each of the 61 codons has
been deciphered and the genetic code appears to be universal; i.e., all
organisms use the same code. Minor excpetions to the general universality
of the code have been found in mitochondrial DNA. (Mitochondria are
cellular organelles that function in aerobic respiration and are se)f.
replicating structures with their own genetic information or DNA).
How is the genetic information of the DNA transferred to the proteins
synthesized? The genetic information of DNA is contained in genes
which are units of heredity. In molecular terms a gene is a stretch of DNA
whic codes for a particular polypeptide or protein component. Polypeptides range in size from less than 100 to several 100 amino acids.
Information is not directly sent from DNA to protein but first transferred
to an intermediary molecule, RNA. RNA is similar in structure to DNA
with the following exceptions:
1. DNA is normally double stranded. The two strands of nucleotides are held together by chemical bonds between the bases
of each strand located directly opposite from each other. This
chemical pairing is specific with A always pairing with T and
G with C. RNA is normally single stranded.
2. In RNA T has been replaced by another base, uracil (U).
3. RNA contains the sugar ribose rather than deoxyribose found
in DNA.
The information transfer from DNA to RNA, called transcription,
begins with the separation of the two DNA strands. One strand is then
used as a template to transcribe a strand of RNA called messenger RNA
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(mRNA). The genetic code in the DNA is retained in the newly formed
mRNA because of the complementation between the mRNA and the
DNA template. This complementation is implemented by the base
pairing that occurs between nucleotides of the DNA and RNA. A nucleotide
in the DNA template containing G will only pair with a C-containing
RNA nucleotide and A will only pair with U. This dictates what sequence
of mRNA will be transcribed from a particular DNA template and
transfers the genetic code intact from DNA to RNA. The synthesis or
transcription of mRNA from a DNA template is catalyzed by cellular
enzymes called RNA polymerases.
The next step is information transfer from mRN A to the polypeptide or
protein. This process, called translation, is far more complex than
transcription and need not be discussed in detail here. Translation takes
place int he cellular cytoplasm and involves complex structures called
ribosomes. The mRNA is "read" in blocks of three nucleotides or bases
(codons) beginning near one end and moving toward the other. Each
codon corresponds to a particular amino acid that will be found in the
polypeptide product. The finished polypeptide then consists of a linear
array of amino acids held together by peptide bonds. The order or
sequence of amino acids in the polypeptide is deterimed by the order of
bases in the mRNA which in turn is determined by the base sequence of
the DNA of the gene. Since there are 20 different amino acids the number
of possible amino acid sequences for polypeptides is almost infinite. It is
the sequence of amino acids in a polypeptide that determines its
subsequent properties and functions. A change in the DNA base
sequence of the gene (mutation) may change one codon to another and
result in a different amino acid in the polypeptide. The change of a single
amino acid is often sufficient to dramatically alter the function of the
polypeptide.
After translation, polypeptides form more complex configurations
before becoming functional. Some polypeptides function as proteins by
themselves, others aggregate with identical polypeptides (multimeres)
while others must combine with different polypeptides to form functional
proteins. A simplified outline of transcription and translation is shown
in Figure 1.

Protein Sequences and Evolution
The ultimate source of genetic variability in populations is generated
by random alterations or mutations in the DNA which become heritable.
Such mutations alter gene products and may be subsequently expressed
as new morphological, physiological or behavioral traits. Classical
Darwinian interpretations state that such new traits will often either
increase or decrease the fitness of individuals possessing them (fitness in
evolutionary theory only refers to the ability to have viable offspring).
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An increase in fitness will tend to lead to an increased frequency of
individuals with the new mutation and the desirable trait and a decrease
in fitness would lead to the opposite result. Accumulations of these
changes over time result in evolution of populations.
Evolutionary pathways or phylogenies are traditionally constructed
based upon the amount of relatedness in morphological, physiological,
and behavioral traits. For extinct organisms the fossil record is often the
main criterion for measuring relatedness. However, these above-mentioned traits only imply genetic changes and in most cases there is no
method to determine the exact genomic alteration. The ability of
biochemists to determine amino acid sequences for some proteins allows
us to look at amino acid changes during protein evolution. This directly
reflects mutational changes in DNA.
The most obvious strategy for study of protein evolution is to select
proteins that carry out the same function in a wide variety of organisms.
One such protein is cytochrome c involved in cellular respiration in all
eukaryotes. (Eukaryotes are organisms that possess a defined nucleus
and contain cell organelles.) Cytochrome cis a small protein of slightly
more than 100 amino acids and has been sequenced in over 30 species
ranging from the fungus, yeast, to humans. More than 1/3 of the amino
acids in this protein are common to all species sequenced; i.e., there have
been no permanent substitutions established during evolution. From x-ray
diffraction studies of cytochrome cit has been found that some of these
invariant amino acids occur at sites that are critical to proper functioning
of the protein (Dickerson, 1980). It would appear that mutations that
occurred to give rise to amino acid substitutions at these invariant
positions were strongly selected against. Such amino acid substitutions
would probably lead to a lethal loss of protein activity and not be
tolerated.
Amino acid substitutions have occurred at other positions in cytochrome c. These obviously allow protein function and have not been
strongly selected against. Generally, closely related organisms have
fewer amino acid differences than more distantly related ones. For
example, humans and chimpanzees have identical cytochrome camino
acid sequences while humans and horses have amino acid differences at
12 sites. This is totally consistent with evolutionary theory since species
that have only recently evolved from each other would not have had
enough time to accumulate numerous amino acid differences. Phylogenies
of diverse organisms have been constructed based entirely on differences
in their cytochrome c amino acid sequences. One such phylogeny is
shown in Figure 2. These phylogenies agree fairly well with evolutionary
relationships gleaned from the more classical morphological and fossil
comparisons.
Phylogenetic relationships based upon protein sequences are only
accurate if the amino acid changes have occurred at relatively constant
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Figure 2. Evolution of the cytochrome c protein. (a) The phylogeny of the cytochrome c molecule on the basis of similarity.
The numbers of mutations required to produce the amino acid
changes are inserted between the hypothetical branching points.
(b) The position of the 58 amino acids which are identical
between yeast and man in the cytochrome c sequence. Altered
amino acids are replaced by dashes. From Riedl (1978). Printed
with the publisher's permission.

rates during evolutionary time. If the rate of evolution for cytochrome c
or other proteins has been constant, the number of amino acid substitutions (or the n um her of nucleotide mutations in the DNA that gave rise
to the amino acid substitutions) between two species would be directly
proportional to the time elapsed since divergence of the species from each
other. By obtaining from the paleontological record the actual time for a
phylogenetic event, it is possible to determine the other events by
proportions (X number of amino acid changes is equal toY amount of
geological time).
Construction and use of these molecular clocks of evolution are,
however, controversial. The major bone of contention involves the
assumption of constant rates of amino acid substitutions during evolution. One group of investigators, often called neutralists, maintain that
most amino acid substitutions found in proteins are selectively neutral;
i.e., they make the organism neither more nor less fit (Kimura, 1968).
Genetic drift will establish a few of these neutral mutations in the
population by chance alone. The mathematical probability of a neutral
mutation being kept in the population can be calculated. If most amino
acid changes that have been detected are neutral, the rate of those
changes is expected to be uniform over time.
The neutral mutation theory has been challenged by other evolutionists. Morris Goodman and co-workers cite the example of globin
evolution. Globin is the protein component of hemoglobin involved with
the transport of oxygen in vertebrates. It has been postulated that early
globin evolution was rapid among the primitive vertebrates (Goodman et
al., 1974). This is attributed to positive selection for improvement in
hemoglobin function. Later evolution of globin amino acid changes was
much slower, presumably because the protein had reached such an
efficient state that most mutations leading ot amino acid changes were
detrimental and have been selected against.
It seems obvious that both neutral and selectable mutations can occur.
Indeed, it is often overlooked that Darwin (1859) himself believed that
some "variations" were neutral and not affected by natural selection. The
frequency and significance of each type of mutation will become clearer
as more proteins are studied and sequenced.
Regardless of whether or not particular proteins evolve at uniform
rates, different proteins can evolve at very different rates. For example,
the cytochrome c protein has evolved slowly. It is estimated that
approximately 1% of the amino acids of this protein changed every 20
million years. In contrast the same amount of amino acid substitution in
fibrinopeptides has occurred over one million years. How can the
difference in rates be explained? There is no reason a priori to assume
mutations occur much more frequently in the DNA of fibrinopeptide
genes than in cytochrome c genes. Fibrinopeptides are proteins in
mammals that function to prevent fibrinogen from assuming a fibrin
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configuration before blood clotting begins. When blood begins to clot, the
fibrinopeptides are cut out and removed. It would seem reasonable that
this type of function does not require great specificity in the amino acid
sequences. Many amino acid replacements probably do not significantly
affect the functionality of the protein and would not be selected against.
At the other extreme is the histone IV protein which has been
extremely conserved in amino acid sequence during evolution. One
percent of the amino acids of this protein have changed every 600 million
years, 30 times slower than cytochrome c. Histone IV functions as a
component in chromosomes of all plants and animals. Because of its
precise and intimate association with DNA in the chromosome, it is
logical to assume that very few amino acid substitutions can be tolerated
in this protein.
DNA and Evolution
DNA is the ultimate lens for viewing evolutionary alterations. Here is
where the mutations reside that give rise to the heritable variation that
leads to evolutionary changes. Even proteins are not absolute reflections
of DNA since some DNA nucleotide changes are silent and do not result
in amino acid changes (remember that the genetic code is degenerate).
In the last few years exciting technological advances have been made
in molecular genetics and we are now being able to examine the structure
and organization of eukaryotic genomes. Recombinant DNA or gene
splicing techniques enable an investigator to take a piece of DNA to be
studied from almost any source, join or splice it to vector DNA and place
the recombinant DNA molecule in a living cell, usually the bacterium,
Escherichia coli, and then have the DNA of interest be replicated
millions of times as the bacterium divides to form a population. The
public, particularly stock brokers, are most a ware of the cloning of
commercially important DNAs such as the human genes for insulin and
interferon. However, these procedures have been even more important in
probing the organization of genetic information.
Concurrent with, and dependent upon, the development of recombinant DNA procedures there have been advances in nucleic acid chemistry which allow nucleotide sequencing of relatively large stretches of
DNA. Together, these and other breakthroughs have led to major
rethinking about eukaryotic genes and their organization.
Perhaps the largest surprise uncovered is that eukaryotic genes are
often split into alternating regions of sequences that code for polypeptides and sequences that do not. The polypeptide-coding regions, called
exons, alternate with the non-coding regions or introns. The number of
exons varies from gene to gene ranging from two to over fifty. During
transcription both exons and introns are transcribed to make one large
RNA molecule called the primary transcript. Then the pieces of RNA
corresponding to the introns are cut out and the remaining pieces are
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spliced together to generate the final mRNA which gets translated into
protein.
It is also becoming apparent that the individual exons code for discrete
functional units of protein called domains. An excellent example of this
situation is the antibody gene exons that code for discrete domains in the
antibody proteins (Calame et al., 1980; Sakano et al., 1979).
The evolutionary potential of exon-intron organization has been
discussed by many (Darnell, 1978; Gilbert, 1978; Crick, 1979). Exons
might be "shuffled" to make new combinations or genes. This could
occur by some type of genetic recombination event as shown below.

gene

1

new genes
from exon shuffling

gene2

Since econs code for discrete protein functional units, it might be
expected new genes formed from exon shuffling might occasionally
make a new and advantageous protein for the organism. the most
exciting aspect of this possibility is that new genes and new proteins
could be evolved very rapidly.
A second major recent finding in molecular genetics with impact on
evolutionary theory is that many eukaryotic genes occur in multigene
families. These represent homologous gene units which range inn umber
from less than ten to several hundred. Some of these gene families, such
as the robosomal RNA genes which make ribosomal RNA, produce one
gene product with each gene unit identical to the others. In other gene
families, the unit genes have diverged so that the different units may
produce heterogeneous although related gene products.
The two globin gene families in humans have been well studied
(Efstratiadis et al., 1980; Proudfoot et al., 1980). The alpha family
consists of five genes while the beta family consists of seven. The two
families are related to each other in gene structure and evolved from a
single ancestral gene. Within each family the gene products are closely
related but slightly different. Also the genes are differentially regulated
during development with distinct globins produced during the embryonic,
fetal and adult stages of development. Possibly, multiple globin genes
are providing for a very precise and useful type of developmental
regulation. Gene products which are most useful for a particular
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developmental stage can be produced at that time while related but
different gene products can be expressed by other genes of the family at
different developmental stages when they are most useful.
Another evolutionary advantage ofmultigene families is that they can
protect family members from natural selection. If one gene mutates and
makes an inactive product, analogous products from the other genes will
buffer against the effects of the mutation. This allows genes to freely
evolve over time. A possible example of this phenomenon may be found
in the human globin gene families where pseudogenes have been
characterized (Proudfoot and Maniatis, 1980). Pseudogenes have had
their DNA sequences altered by mutations such that they are not able to
produce an active gene product. It is tempting to speculate that such
genes are under little selective restraint and some eventually may evolve
to carry out some new function.
In most of the preceding discussion interest has centered on proteins
and the genes that produce them. An apparent paradox has arisen
involving humans and our closest living relative, the chimpanzee (Pan
troglodytes). King and Wilson (1975) have calculated that the human
and chimpanzee proteins studied differ in 1% or less of their amino acids.
This is extreme similarity. For comparison this difference is no larger
than that found between two morphologically similar insect species in
the fruit fly genus Drosophila or between two similar species of frog. Yet
we assume that there are significant anatomical and behaviorial
differences between the chimp and us and this can't be entirely attributed
to our tendency to emphasize differences when they involve us. On one
hand our proteins and therefore the genes that produce them (structural
genes) are very similar while our bones and behavior differ significantly.
King and Wilson have tentatively escaped the paradox by suggesting
that the two species have evolved differentially by changes in their
regulatory regions of DNA. These regions regulate the expression of the
structural genes they control. Possibly, these regions are important in
some forms of evolution. so far we know very little of these regulatory
regions in eukaryotes. However, elucidation of these regions is set to
happen in the near future and the impact on evolutionary theory will
probably be significant.
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Biogeography:
Where in the World?
VidaC.Kenk

T

HE polar bear is a powerful, fast-moving predator. Penguins are
slow and clumsy on land, although they fly through the water
with grace and speed. However, in natural circumstances, a
polar bear never catches a penguin for dinner. Why not? To answer this
question we might consult biogeography.
Biogeography is the study of patterns of distribution of organisms in
space and time. 1 This study is concerned with describing and explaining
the distribution of plants and animals. Biogeography contributed evidence used by Darwin, but the study is much older than the 19th century.
In the fourth century B. C., Alexander the Great sent specimens of plants
and animals to his teacher Aristotle. The voyages of discovery following
the Renaissance revealed organisms unknown to western European
people. In the eighteenth century, the Swedish biologist Carolus Linnaeus
(1707-1778) devised the system of binomial nomenclature still in use
today to classify the diversity of life sent to him from all areas of the
globe. Attempts to organize this information into distributional patterns
soon followed. Baron Alexander von Humboldt (1769-1854) traveled for
five years in South America, observing the similarity of changes in plant
distribution from the equator to the polar latitudes with those altitudinal
botanical belts encountered while climbing the Andes.2 Humboldt's
adventurous writings were popular among young aspiring naturalists of
the nineteenth century; both Darwin and Wallace read his works in their
youth.
A trip on a sailing vessel to foreign lands was often part of the training
and experience of naturalists in the last century. Darwin sailed on the
H.M.S. Beagle; T.H. Huxley went to Australia on the Rattlesnake; A.R.
Wallace traveled extensively in the Amazon Basin and the Malay
Archipelago. It was during this voyage (1831-1836) that Charles Darwin

64

started gathering the evidence which would eventually lead him to the
theory of natural selection as the mechanism for evolution. On his return
to England, he published his account of the journey, including these
comments on the Galapagos Archipelago:
The natural history of these islands is eminently curious and well
deserves attention. Most of the organic productions are aboriginal
creations, found nowhere else; there is even a difference between
the inhabitants of the different islands; yet all show a marked
relationship with those of America, though separated from that
continent by an open space of ocean, between 500 and 600 miles in
width. The archipelago is a little world within itself, or rather a
satellite attached to America, whence it has derived a few stray
colonists, and has received the general character of its indigenous
productions. Considering the small size of these islands, we feel the
more astonished at the number of their aboriginal beings, and at
their confined range. Seeing every height crowned with its crater,
and the boundaries of most of the lava·streams still distinct, we are
led to believe that within a period, geologically recent, the unbroken
ocean was here spread out. Hence, both in space and time, we seem
to be brought somewhat near to that great fact-that mystery of
mysteries-the first appearance of new beings on this earth. 3

As we shall see, island biogeography continues to be an area of
significant research.
Darwin accumulated information on a variety of subjects related to
evolution, including the effects of selection by humans on domesticated
animals and plants. He discussed his ideas about natural selection with
friends such as Lyell and Hooker, but was in no hurry to publish on this
subject until he read the essay "On the tendency of varieties to depart
indefinitely from the original type" by Alfred Russel Wall ace. 4
In 1848, at the age of twenty-five, Wallace had traveled with Henry
Walter Bates to the Amazon Basin, where he spent four years living with
the natives and collecting plant and animal specimens for the British
Museum. 5 Unfortunately, the ship he boarded for the return to England
burned, destroying the tangible results of his labors. By his obervations,
however, Wallace had come to realize the enormous diversity of life and
how this diversity seemed related to geographic barriers. The multiple
branches of the Amazon River and its tributaries separated slightly
different populations of terrestrial organisms, notably insects, and
certain fish were found only in restricted parts of the system. Two years
later Wallace went to the Malay Archipelago, where he traveled 14,000
miles in eight years and sent back over 125,000 specimens to the British
Museum. 6 His observations of biogeography resulted in his asserting in
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1855 that "every species has come into existence coincident in both space
and time with a pre-existing closely allied species." 7
Separate essays on natural selection by Darwin and Wall ace were read
at the meeting of the Linnean Society of London in July, 1858. In the
following year Darwin published On the Origin of Species, which devotes
two chapters to the subject of geographical distribution.
Wallace continued his research on biogeography, publishing in 1876
the two-volume work The Geographical Distribution of Animals,8 which
has become a classic in this field. He divided the world's fauna into six
main regions, with numerous subregions and transition zones (see
table 1). He based these divisions largely on the distribution of mammals

Regions.
I. Palaearctic ...

Sub-regions.
1. North Europe.
2. Mediterranean (or S. Eu.).
3. Siberia.
4. Manchuria (or Japan).

Remarks.

Transition to Ethiopian.
Transition to Nearctic.
Transition to Oriental.

II. Ethiopian ...

1. East Africa.
2. West Africa.
3. South Africa.
4. Madagascar.

Transition to Palaearctic.

III. Oriental ...

1. Hindostan (or Central Ind.).
2. Ceylon.
3. Indo-China (or Himalayas).
4. Indo-Malaya.

Transition to Ethiopian.

IV. Australian ...

V. Neotropical ...

VI. Nearctic ...

Transition to Palaearctic.
Transition to Australian.

1. Austro-Malaya.
2. Australia.
3. Polynesia.
4. New Zealand.

Transition to Neotropical.

1. Chile (or S. Temp. Am.).

Transition to Australian.

2. Brazil.
3. Mexico (or Trop. No. Am.).
4. Antilles.

Transition to Nearctic.

1. California.
2. Rocky Mountains.
3. Alleghenies (or East U.S.).
4. Canada.

Transition to Oriental.

Transition to Neotropical.
Transition to Palaearctic.

Table 1. Zoogeographic regions and subregions as designated by
A.R. Wallace (1876).
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and birds, two main groups which have evolved into modem orders
largely within the Cenozoic Era (the last 65-70 million years). The
transition between the predominance of marsupial mammals in Australia
and New Guinea and the placental fauna of Asia and most of the rest of
the world is marked by Wall ace's line between Borneo and the Celebes in
the Malay Archipelago (see figure 1). By 1954, at least 45 different
versions of biogeographic divisions of the world had been proposed.9
Many of these differ only slightly from Wallace's, but some based on the
distribution offish, mollusks, insects, or certain plants are significantly
different: these organisms evolved earlier than mammals.

Figure 1. Biogeographic regions of the world. Compiled from
several sources and combining zoogeographical and phytogeographical systems. Wallace's Line is indicated by dashes. Modified
from Pielou (1979), p. 8. Reprinted with the publisher's permission.

One of the main emphases in biogeography from Wallace's time until
recently has been on the barriers which isolate regions and how plants
and animals may have dispersed across these barriers. Islands have
been studied as natural experiments on dispersal and evolution. Wallace
drew a distinction between continental islands (those previously connected to the mainland and sharing its fauna and flora prior to
separation, such as the British Isles) and oceanic islands (those arising
from the sea floor and receiving colonists by overseas dispersal, such as
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the Galapagos Islands). 10 Numerous anecdotes relate feats of longdistance dispersal. In the last two decades the anecdotal approach has
been replaced by quantitative theoretical models such as those proposed
by MacArthur and Wilson describing rates of colonization and extinction
resulting in a dynamic equilibrium of total species on a given island. 11
Island studies have contributed to the modern understanding of the
importance of isolation in evolution leading to the formation of new
species.
Biogeography has been profoundly affected by the geological theory of
plate tectonics which has gained credence since the mid-1960's. Darwin,
Wallace, and workers in the century following them assumed basically
stable.geography, with minor changes in sea level during the ice ages
and occasional formation and erosion of islands. Evidence now indicates
that the continents are riding on thin, rigid, continually moving plates of
the earth's crust. Reconstruction of past geography explains many of the
anomalies in plant and animal distibution. About 230 million years ago,
the continents were united into a single land mass known as Pangaea
(see figure 2). This broke up into a northern continent, Laurasia, and a
southern one, Gondwana, by the late Triassic Period (180 million years
ago). Laurasia consisted of North America and Eurasia; Gondwana
included South America, Africa, India, Antarctica, and Australia. Both
continents gradually fragmented throughout the Mesozoic Era as the
Atlantic Ocean formed. Many groups of plants, fish, mollusks, and
arthropods were well established before the break-up of Pangaea.
Reptiles dominated the splitting world of Mesozoic; ancient birds,
beetles, flowering plants, and the now extinct orders of mammals
evolved at various times during this era. Other organisms, especially
mammals, did not evolve into their modern forms until the Cenozoic,
after separation of the continents. Thus, current plant and animal
distributions reflect past geography and evolutionary history as well as
present conditions. Australia probably separated from Antarctica and
South America during the Eocene (about 50 million years ago) bearing its
marsupial fauna; it first came into contact with islands from the Asian
continent approximately 15 million years ago, initially allowing dispersal of some plants and only relatively recently of mammals. The

Figure 2. Land, shallow sea, and deep ocean at three past times.
The hatched areas are epicontinental seas. Plate boundaries are
not shown. (a) Pangaea in the Triassic. (b) Late Jurassic or early
Cretaceous. Northern Pangaea has become Laurasia; southern
Pangaea, after becoming Gondwana, has split again into West
Gondwana, East Gondwana, and India. (c) Late Cretaceous.
(Adapted from Holden and Dietz, 1971, Kummel, 1970, and
Tedford, 1974.) From Pielou (1979), p. 29.
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geographical distribution of fossils, notably the Gondwana flora of
South America, Africa, India, and Australia, provides additional evidence to support this scenario. 12 (See figure 3 and table 2 for approximate
time of separation and joining of continental pieces. 13 )

Figure 3. Estimates of the times (in millions of years BP) at which
direct dispersal routes between land masses were made or
broken. Hollow converging arrows show joins (the "join" between Australia and Asia refers to the narrowing of gap and the
appearance of stepping stone islands). Black diverging arrows
show separations. (Based on Raven and Axelrod, 1974.) From
Pielou (1979), p. 30.
The new evidence of changing geography and climate is now incorporated into the concept of vicariance biogeography, which seeks to
examine how entire ecosystems change with time and space, in contrast
to the previous emphasis on the ranges and dispersal of individual
species. 14
Darwin examined man's influence on the evolution of domesticated
animals in developing the theory of natural selection. Today, humans
are the most important factor modifying the distribution of plants and

Table 2. Estimated times of some of the chief events in earth
history since the early Mesozoic. Double-headed arrows denote
separations. Names of paleocontinents are in italics. (Based on
Dietz and Holden, 1970; Keast 1973; Raven and Axelrod, 1974;
and McKenna, 1975.)
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Event

Period or
epoch
Early Triassic

Time
(m.y. BP)
~200

The continental crust formed a single continent,
Pangaea.

Late Triassic

180

West Laurasia (North America) +---.Africa.
West Gondwana (Africa + South America)+-+
India +--+ East Gondwana (Australia +
Antarctica)

Early Cretaceous

135-125

South America _._.,. Africa in far south because of
rotational movement.

Mid·Cretaceous

110-100

South America+-+ Africa at latitude of Brazil.
Africa •-+ Madagascar+--. India.
Africa, India, and Australia all drifting northward.

Late Cretaceous

80

North America +-• (Europe + Greenland).
(Antarctica+ Australia)+-+ (New Zealand+
New Caledonia).

Very late Cretaceous

70

Contact made between northwestern North America
and northeastern Siberia.

Very early
Paleocene

63

Africa • - • Europe (temporarily).

Eocene

49

Dispersal route between North America and
Eurasia, from being predominantly via North
Atlantic, switches to Beringia because North
Atlantic becomes wider and Beringia becomes
warmer.

Eocene

c49

Eocene

45

Oligocene

c30

Australia +-• Antarctica.
India drifts into contact with Asia.
Turgai Strait (east of Ural Mountains) finally
dries up.

Miocene

17

Europe and Africa rejoined.

Miocene

15

The narrowing gap between Australia and
Southeast Asia and the appearance of stepping
stone islands permits plant dispersal.

Pliocene

6

From Pielou (1979), p. 31.

North America and South America joined by
land bridge.

animals. Because of our activities, some species have become extinct
while others have become wide-spread. Early human hunting societies
may have contributed to the extinction oflarge mammals in North and
South America as man entered these continents. 15 In the past 400 years,
species of known animals have become extinct at the rate of at least one a
year. Examples include the moas (large, flightless birds of New Zealand),
the dodo and its relatives, the passenger pigeon, and Steller's sea cow.
The pace of extinction is accelerating now as large areas of the tropics are
being destroyed for development before biologists can even discover
what organisms exist there. We have extended the ranges of many
organisms, both deliberately and accidentally. Sailors stocked many
isolated islands with goats and pigs to ensure a future food supply; these
animals often destroyed the native habitat and caused extinction of
unique island species. English settlers of New Zealand imported familiar
European mammals, since the only native mammals were bats. Close to
home, San Francisco Bay is populated with invertebrate animals from
many parts of the world, brought here by ballast, oyster-farming, and
other means. 16 Last summer, we experienced the invasion of the Mediter·
ranean fruit fly, resulting in loss of fruit, money, and sleep.
Obviously, biogeography includes aspects of geology, paleontology,
ecology, climatology, plant and animal systematics, evolution, physio·
logy, and even history and anthropology. Having explored some of these
areas, let us try to answer our original question. The polar bear can't dine
on penguin because of the different evolutionary histories of these
animals. Bears evolved in and are confined to the northern hemisphere.
Penguins probably evolved as flightless birds in Antarctica in the
absence of land predators. Neither animal has the dispersal ability to
meet the other unless moved by humans or continents.
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Asteroid Encounters
of the
Cataclysmic Kind
Judith and Mark Miller

S

iberia, Russia, 1908: A bluish cylinder glows in the sky.
Suddenly an explosion blasts an unpopulated stretch of land.
Meteorite hunters from the U.S.S.R. came to the scene years
later. To their astonishment, devastation stretches before them. Trees
are uprooted and scorched for hundreds of miles. 1 No crater marks the
spot; no splinters of meteorite tell what hit Earth. Nevertheless, it is
concluded that this monumental blast was caused by the impact of a
comet. According to the law of averages, extremely large objects should
plummet to Earth periodically, albeit infrequently. These strikes can be
devastating. 2 What if a comet hit Moscow or New York?
Canterbury, England, 1178: Gervase of Canterbury turns to his
chronicles one night and writes: "There was a bright new moon ....
Suddenly the [moon's] upper hom split in two .... A flaming torch sprang
up, spewing out, over a considerable distance, fire, hot coals, and
sparks. " 3 The spot on the lunar surface where this might have happened
can be located today. Apollo Spacecraft pictures of this area show a
20-kilometer-wide crater. The strange phenomenon Gervase recorded
long ago probably resulted from an asteroid's hitting the moon. Asteroids
occasionally hit Earth, too. This is fact. Impacts take place every 30
million years- or less. Another will undoubtedly fall. 4
Major species of life on earth have been extinguished in an instant of
geological time. Five times or more much oflife's diversity was destroyed
so suddenly that scientists can determine the end of an age by the
disappearance of its usual kinds of fossils. Why did thousands upon
thousands of miles of living coral, but not other creatures at the bottom of
an ancient sea, perish 225 million years ago? What happened to the
dinosaur 65 million years ago? Rocks keep secrets well: Fossils in one
layer of sedimentary rock vanish from the layer above. 5
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Why? No one knows for sure, but theories abound. There are many
theories explaining the extinction of the dinosaur, for example. One of
the latest- and most intriguing- is that they were annihilated because
an asteroid hit Earth 65 million years ago. Dinosaurs were the King of
Beasts for 150 million years. Mysteriously, suddenly, they perished,
along with 75 percent of all animals and plants on earth. 6
Imagine the proposed hypothetical scenario: A huge asteroid plummeting to earth at 50,000 miles per hour causes a 100-million megaton
blast. This 5-to-10-miles-in-diameter meteorite blasts into our planet's
crust, leaving a white hot crater 100 miles across and hurls into the
stratosphere a thousand times more dust than was spewed during the
1883 explosion of the Krakatoa volcano. (Krakatoa's blast left Europe so
cold it was "without a summer" that year.) After earthquakes and tidal
waves, the blazing crater cools. The stratosphere, filled with dust,
blackens out the sun for months, years, while plants perish. Then larger
grazing animals die as well as carnivores that prey on them. 7 The reason
is that, without sunlight, plants quit photosynthesizing, food chains are
disrupted, and dinosaurs and other animals consequently perish.8
The bad news is that this kind of catastrophe can happen again and,
this time, Homo sapiens will be the victim of extinction.
What are the asteroids? Why must we fear them?

Vermin of the Sky
Long ago, gas and dust from the space between stars came together to
form our sun. Countless pieces of rock and ice were left over. They whirled
in orbits around the new sun. Their orbits, lying in almost the same
plane, were round, concentric. All chunks twirled in the same direction,
forming a disk, which turned around the sun. At the outer reaches of the
disk, icy chunks gathered.
These chunks of primordial material began to cluster together. Larger
bodies formed. These bodies, called planetesimals, grew to hundreds of
kilometers in diameter. Planetesimals then clustered together to form
planets. Large planetesimals got hot, and Ia va gushed to their surfaces
because they melted inside. Dense cores of molten nickle-iron formed
within them.
Disorder was the name of the game when the solar system was young.
Rather than doing the sensible thing- sticking together to form one,
giant body when they chanced to collide - planetesimals struck each
other at such high speeds that they broke into pieces. Fragments went
here, there, everywhere. Fragments of splintered planetesimals and
other primordial debris whirled around the sun with unfractured chunks
and still growing bodies. Some debris was merely pieces of lava and
metal from shattered, large planetesimals.9
At last the five inner (or terrestrial) planets (Mercury, Venus, Earth,
Earth's Moon, and Mars) formed out of this debris. Like vacuum
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cleaners, these inner planets swept the solar system clean of all
primordial chunks floating around their vicinity.
No planet formed between Mars and Jupiter. In this vast zone,
countless primordial pieces, chunks, and planetesimals- the asteroids
-still whirl, just as they did when our solar system was young. This zone
is called the asteroid belt. Here the forces that drew primordial debris
together to form planets flubbed up, and things never adanced beyond
the planetesimal stage. to
But the gravity of every planet as well as on our sun can tug a little
asteroid and change its orbit. Even nowadays close passages plus
gravitational pulls from planets (primarily Mars and Jupiter) profoundly
alter the orbits of some asteroids. Some asteroids sail deep into the solar
system to cross Martian and Earthly orbits before circling the sun and
zipping back out to the asteroid belt, from which they were rudely
shaken. The asteroid, after it's been pulled into such an orbit, has a fair
chance of colliding with Earth.
The Apollo and Amor group of asteroids have such eccentric orbits.
Pulled by gravity from the inner planets, these primordial chunks sail
sunward, passing close to earth. These fragments, renegades from the
asteroid belt, might be the degassed, rocky nuclei of extinct comets. 11
Some scientists believe that certain extinct comets, soaring in from out
beyond Pluto, make the asteroid belt their final resting place.
There are roughly 750 large, undiscovered earth-crossers, or Apollo
asteroids. In one study, Drs. Eugene Shoemaker, Eleanor Helin, and A.
Gillett of the California Institute of Technology concluded that 800, plus
or minus 300, objects larger than 1 kilometer have eluded the watchful
telescopes of earthly stargazers. George Wetherhill of the Carnegie
Institution of Washington derived a similar figure by calculating how
many must exist in order to explain the fact that only one, Ra-Shalon,
has been spotted twice. Shoemaker adds that there are probably about
100,000 earth-crossers of 100 meters or more in size. 12 An asteroid of that
size is quite capable of blasting into the earth's crust a crater one and
one-halftimes the size of Arizona's Barringer Crater, known as Meteor
Crater. Meteor Crater is the biggest known crater to contain pieces of the
original meteorite. A small crater, only 1.2 kilometers, it's also relatively
new, merely a few tens of thousands of years old. 13
Larger, older craters pockmark Earth's crust- a 13-kilometer-wide
crater 110-kilometers south of Chicago, for example. Formed 300 million
years ago, its remnants are now obscure, camouflaged by the big city. 14
140-kilometer monster-meteorites have dug the biggest craters of all. One
is located near Sudbury, Canada, another outside of Johannesburg,
South Africa. No rimmed impact craters remain, for both crashed to
Earth 1.9 billion years ago. The only geological clue left is shattered rock
to tell of the ancient collision. Jon Bryan and his group at Lawrence
Livermore Laboratory in California, comparing the size of meteorite
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craters with those left by nuclear blasts, concluded that the energy of 50
million megatons of TNT was released during each collision. 15
Richard Grieve and Blyth Robertson of Canada's Department of
Energy, Mines, and Resources (DEMR) calculated that 91 probable or
definitely recognized craters plus another 50 possible ones have been
identified globally. 16 Impact craters, ranging from a mere fraction of a
mile to 60 miles plus, have been discovered via LANDSAT satellite
photographs. 17
The good news is that it's statistically more likely for one tiny asteroid
splinter to pelt Earth than for one of the mile-large monstrosities. The
latter could put the entire globe slightly out of kilter. This is because
small asteroid fragments are more plentiful than huge asteroids. The
truth is, little bits of asteroids crash to earth many times every year. 18
These extra-terrestrial crumbs that pepper the earth are called meteorites. Not all meteorites originate in the asteroid belt. Some travel
earthward from other areas of our solar system and even the universe.
Many scientists believe the asteroid belt gives the earth her entire
supply of meteorites; other experts question this theory. 19 Take comets,
for example. Comets are generally believed to be the outer solar system's
answer to our asteroids (the outer solar system includes gas giants
Jupiter, Saturn, Uranus, Neptune, and Pluto). Comets are thought to be
icy planetesimals that congregated together beyond Pluto; asteroids are
rocky planetesimals. It is believed that comets were hurled outward by
the gravitational pushes of the outer gas giants whenever a comet sailed
too close to them. Most comets got bumped clear out of the solar system,
off into interstellar space. The ones that remained now slowly twirl
around the sun, beyond Pluto's orbit. 20
Comets get tugged by stars in this galaxy (other than our sun).
Sometimes they slip into the earth's part of the solar system. In earth's
neck of the woods, the gravity of the inner planets pushes numerous
comets into earth-crossing orbits that are much like those of Apollo
asteroids. Hence, iflarge rocks are in a comet's core, they can also pepper
the earth as meteorites, 21 at speeds up to 30 kilometers per second.2 2
Meteorites have always been around to hit our planet, and will
continue to hit us. Could this extra-terrestrial attack still have an
important effect on the evolution of life? Many experts say yes.2a

Chicken Little
Remember the fairy tale about Chicken Little, who went around
warning that the sky was falling- when it wasn't? As we've seen,
current theory holds that Homo sapiens might not be as lucky as Chicken
Little's fellow critters. An asteroid could fall. They've fallen before.
The controversial new theory that explains the extinction of the
dinosaurs due to asteroidal impactis the work of two renowned scientists
from Berkeley, California- Walter Alvarez, a geologist, and his father,
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Luis, winner of a 1968 Nobel Prize in Physics. 24 While this may strike you
as the airy madness of science fiction, the theory is pretty well documented by fact. In 1979 the Berkeley group discovered chemical traces of
dust left from the impact of the giant asteroid they believe hit Earth at
the geological moment of dinosaur extinction. 25
In a 1980 Science magazine article, this group, which also includes
Frank Asaro and Helen V. Michel, wrote:
The most recent of the great extinctions is used to define the
boundary between the Cretaceous and Tertiary periods.... At this
time, the marine [and] ... flying reptiles and ... dinosaurs died out,
and extinctions occurred at various taxonomic levels among the
marine invertebrates. Dramatic extinctions occurred among the
microscopic floating animals and plants ... with only a few species
surviving.... On the other hand, some groups were little affected,
including the land plants, crocodiles, snakes, mammals, and many
kinds of invertebrates .... About half the genera living at that time
perished during the extinction event. 26
These scientists devised a hypothesis to explain almost all available
physical evidence: The Berkeley group reported in Science that
platinum metals are depleted in the Earth's crust relative to their
cosmic abundance; concentrations of these elements in deep-sea
sediments may thus indicate influxes of extraterrestrial material.
Deep-sea limestones exposed in Italy, Denmark, and New Zealand
show iridium (a platinum-family metal) increases of about 30, 160,
and 20 times, respectively ... at precisely the time of the CretaceousTertiary extinction, 65 million years ago. . . . A hypothesis . . .
accounts for the extinctions and the iridium observations. Impact
of a large earth-crossing asteroid would inject about 60 times the
object's mass into the atmosphere as pulverized rock; a fraction of
this dust would stay in the stratosphere for several years and be
distributed worldwide. The resulting darkness would suppress
photosynthesis, and the expected biological consequences match
quite closely the extinctions observed by the paleontological record.
One prediction of this hypothesis has been verified: the chemical
composition of the boundary clay, which is thought to come from
the stratospheric dust, is markedly different from that of clay
mixed with the Cretaceous and Tertiary limestones, which are
chemically similar to each other.27
The extraterrestrial origin of these exotic metals has been verified.
Since 1979 the Berkeley scientists, with experts from other laboratories,
have been gathering evidence to prove these metals are unearthly. They
have also found that these chemical hints are dispersed all over the
planet.
The first clue to a possible asteroid bump that annihilated dinosaurs
came as a result of serendipity. Serendipity means you're looking for one
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thing but find something else. Originally the Berkeley group set out to
discover how fast sediment accumulated on the sea floor 65 million years
ago. They measured how fast skeletons of microscopic organisms and
clay had accumulated in sediment by comparing their abundance to that
of cosmic dust in the sediment, since cosmic dust rains down to Earth at
an unchanging rate. Alvarez used the element iridium, rare on Earth's
surface but relatively common in meteorites, as a chemical tracer for
cosmic dust. 2 s He could measure the speed at which clay accumulated by
determining how much iridium, in comparison to clay, existed in layers
of sediment. 29
The Alvarez group expected iridium to be present only in small
amounts. But what they found shocked everyone. They didn't find what
they were looking for- they found something else. The clay layer didn't
contain a small amount of iridium; it contained lots of iridium- 20 times
more than in the surrounding layers. Where did all this iridium come
from? There was too much of it to be explained away as cosmic dust. A
new question began to haunt the group - Could this iridium have
anything to do with the dinosaur's extinction 65 million years ago?30
Was the sediment unlocking its secret?
Luis Alvarez was stumped. He spent the summer of 1979 concocting
scenarios to explain the iridium. Finally he remembered that asteroids
contain lots of iridium. The theory was born: 65 million years ago a
mammoth asteroid collided with Earth and sent up a dust cloud heavy
with iridium. 31 For a few years the dust hung in midair, shutting off
sunlight. When this cloud finally came down to earth it left an iridiumrich clay layer behind in sediment, a silent testimonial frozen in rocks
forever, to explain what had caused this ancient catastrophe, the
dinosaur's demise. 32
R. Ganapathy of the J.T. Baker Chemical Company in Phillipsburg,
New Jersey, analyzed iridium-rich clay layers found by the Berkeley
group in Denmark. Ganapathy also looked for other elements known to
be abundant in meteorites, such as osmium, palladium, nickel, and gold.
He discovered that these elements cropped up in the clay in proportions
analogous to those of a meteorite. For these metals to be so abundant in
terrestrial rocks, some weird event would have had to have concentrated
them 10 to 1,000 times above their normal amounts in our planet's
crust. 33
Some experts have suggested alternative theories, claiming it wasn't
an asteroid that left behind all that iridium; other experts argue that no
mechanism seems as acceptable as the asteroid. As one geochemist noted
in Science, "There's nothing quite so convincing as data," and the data
points an ominous finger at an ancient earthly collision with a S-milesacross asteroid. 3 •
Then why did some animals and plants make it, while others didn't?
"Elementary," as Sherlock Holmes would say to dear Dr. Watson.
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Although plants would have died, their spores, roots, and seeds could
have escaped extinction and regenerated when sunlight returned. Surviving land animals could have fed on insects or decaying flora. 35 As the
Berkeley group reported,
Among these [land] plants, existing individuals would die, or at
least stop producing new growth, during an interval of darkness;
but, after light returned, they would regenerate from seeds, spores,
and existing root systems. However, the large herbivorous and
carnivorous animals [such as dinosaurs] that were directly or
indirectly dependent on this vegetation would become extinct....
No terrestrial vertebrate heavier than ... 25 kilograms is known to
have survived the extinctions. Many smaller terrestrial vertebrates
did survive, including the ancestral mammals, and they may have
been able to do this by feeding on insects and decaying vegetation. 36
There are doubting Thomases. Leo Hickey of theN ational Museum of
Natural History reportedly claims that extinctions occurred exactly the
reverse of how they would have occurred if Alvarez were correct. 37 The
facts are that 70 percent to 80 percent of plant species in Western North
America were wiped out-heaviest losses occurred in Canada, northeastern Siberia, and northern Alaska; in the tropics few species perished. 38 In contrast, Hickey points out, if the Earth were under a heavy
dust cloud blotting out the sun, the more delicate tropical plants would
have suffered most, not least.. Mter all, tropical plants and their seeds
would be more apt to wither and perish in cold darkness than hardy,
northern species, which are used to long, dark winters. Hickey claims
that most paleobotanists believe that the extinctions resulted from
gradual climatic changes over the last few million years of the Cretaceous
period. 3 9 The causes of the extinctions 65 million years ago, as such
"gradualists" explain it, were a combination of environmental changes
that prodded species, one after another, down the dim path to extinction. 40 Certain "gradualists" do concede that the asteroid theory is
sound, but add that such a collision was more "the straw that broke the
camel's back" than the entire cause itself. 41 In other words, dinosaurs,
already declining because of environmental stresses, simply could not
withstand the final straw of an asteroid's tumbling down. 42
Stephen Jay Gould of Harvard feels that the "catastrophic" and
"gradualist" ideas are equally valid. As he explains in Natural History,
We cannot attribute the entire Cretaceous extinction to a gradually
deteriorating climate. Something more dramatic must have happened.... Perhaps, this dramatic cause gained greatly in effect
because more groups than usual were in decline and therefore
susceptible to a coup de grace . ... Any complete theory of the
Cretaceous extinction will be a complex combination of a dramatic
end superimposed upon a general deterioration. . . . Geologic
evidence constrains us to look for a cause that is worldwide in
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effect, able to exterminate groups in all major habitats, and
geologically sudden ... , which brings me back to asteroids. 43

Project Spacewatch
Planetary scientist Helin was reported to have said: "We know of at
least 30 asteroids of3,000 feet or more in diameter that are in orbits close
to the earth. We estimate that there may be as many as 1,000 more." 44
Helin believes that because of the wild orbits of Apollo's, "sooner or later
one of them is certain to hit the earth, although it may not happen for
millions of years."4S
Is Homo sapiens going to sit back and let an asteroid clobber Earth
again? The National Aeronautics and Space Administration (NASA)
says no.
In June 1980 a NASA New Directions Symposium in Woods Hole,
Massachusetts, discussed Project Spacewatch. According to the Project
Spacewatch writeup from the Symposium,46 "In all ways but one the
dinosaurs were a very successful order; they roamed the earth 130 million
years .... But in all that time, they failed to develop the technology that
could enable them to avoid their own extinction. In a much shorter time
Home sapiens has developed an adequate technology. He can avet:t any
further extinction by asteroid impact; We think he should. That is what
Project Spacewatch is all about." 47
Project Spacewatch asks a number of questions: What are the chances
of an asteroid of significant size colliding with Earth? What is NASA's
role in assessing this probability and tracking large earth-orbit crossing
asteroids? If an asteroid were on a collision course, what could we do to
deflect it?48 Project Spacewatch was inspired by the Berkeley group's
discoveries, and represents an effort to prevent Homo sapiens from going
the way of the dinosaurs.
Impact craters 10 kilometers in diameter and larger have been
produced on continents, on average, once every 300,000 years. These
craters are formed by asteroids about 500 meters in diameter. The region
over which destruction of life takes place is about 100 kilometers. Twice
as many impacts have occurred in the ocean, generating tidal waves and
destruction of coastal areas. Craters 3 kilometers in diameter and larger
(destruction of life over a 30 kilometer area) are produced, on average,
every 60,000 years. 49
The strategy of Project Spacewatch is to employ a telescope to detect all
earth-crossers down to some minimum size, determine their orbits, and
store these in a data base. Periodically, projections of their positions
would be made up to 10 to 20 years into the future. Close encounters of the
worst kind would be noted. These objects would then be watched closely.
According to the Symposium report, "If a collision appeared imminent,
the orbital modification needed to avoid the collision . . . would be
determined and a (space) mission would be deployed to give the object the
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proper nudge .... It would then recede again into the earth-crosser
population background for thousands of years."so
To knock a meteor or asteroid off collision course, NASA says, a
spacecraft, hauling an H-Bomb, could be sent up to the approaching
asteroid, and a radio signal from Earth would explode the bomb,
knocking the asteroid off its collision-bound course. 51 Also, the new
Space Shuttle can be readily and relatively cheaply used for such a
mission. It would go into low-Earth orbit, and fire a hydrogen-tipped
warhead at the menacing asteroid.
NASA's Advisory Council says we can have Spacewatch for $500,000 a
year, which would buy a computer to track asteroids sniffed out by a
telescope. A more ambitious program involving radar and one more
telescope would hike the price tag up $50 million. The NASA Council also
suggested a rendezvous mission in 1985 with a large asteroid. That would
cost $100 million, but would answer the question of whether an asteroid
could be kicked off course. 5 2
The NASA Symposium further noted, alarmingly, that if the 1908
Siberian event happened today,
The perception of it by any human observer within a few tens of
kilometers ... would be that he had experienced the airburst of a
nuclear weapon. In a world in which the number of nations
possessing nuclear weapons is steadily increasing, it is not clear
what the response might be from an unsophisticated nuclear
nation if it were subjected unexpectedly to a multimegaton shock
wave caused by the encounter of a small asteroid. The best strategy
to avoid international miscalculation would be to provide advanced
warning and identification of the natural event. Ideally, such
warning would permit evacuation and prevent loss oflives.s3
Project Spacewatch, then, could serve to prevent nuclear war by mistake.
The number of earth-crossers a few tens of meters in diameter isl to 10
million. These objects are only detectable when close to Earth; hence,
there is little Ilkelihood that more than a small fraction of them will be
discovered in the near future. However, they can be detected by an
infrared satellite system and tracked accurately for one to a few weeks
priortoearthencounter. Warningofimpendingcollision with useful lead
time is technically feasible with today's technology, provided that we
make proper use of it. 54
According to NASA scientists, "In the absence of an effective Spacewatch program, an approaching 10 to 100 meter object could be mistaken
for a missile and trigger a thermonuclear war. Spacewatch may not only
save the human race from the fate of the dinosaurs, it may even save it
from itself." 55
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The EvolutionCreation Controversy:
Neither Science nor
Religion*

John F. Leslie

A

few scientists believe in a relatively recent inception of the
earth and living organisms by sudden creation of the universe,
energy, and life from nothing. Most scientists, however, believe
that the earth and all forms of life gradually evolved over several billion
years. Evolution can be viewed as a creative process continuing over a
long period of time. Students should be aware at the outset that the
extensive evidence of evolution is not necessarily in opposition to
religious concepts of creation by a supreme being. Note that the
causative beginning or primeval appearance of matter or life in our
universe, the inception of something from nothing, is not at issue. 1
Evolution. Creation. Science. Religion. Separately these concepts
provide interlocking views of the world. When tied together in a modern
Gordian knot however, these concepts threaten science education in the
schools and cherished religious beliefs. Response to these threats is
uniquely emotional and rarely rational. The "creation-evolution" controversy is neither a scientific nor a religious debate. Instead it is an
unwieldy chimaera of science and religion that is politically controversial and serves only to confuse parents, teachers, students, and school
boards about the complementary natures of science and religion.
*Opinions expressed herein are solely those of the author.
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What are the epistemological roots of this controversy? Wayne Moyer
states:
Epistemology traditionally recognizes three realms of knowledge: 1) Revelation (as in acceptance of scripture as the inerrant
word of God and as elaborated by theology); 2) Reason (as in
mathematics and logic), and 3) Empiricism (as in all of science and
history). It is also accepted that knowledge claims in one realm
cannot be known or proven in another realm. 2
Taken together these realms of knowledge present a unified view of the
world. Yet like a fasces, the whole is greater than the sum of the parts and
study of one realm without a proper respect and appreciation for the
others yields only a fragment instead of a completed puzzle. For example,
"Science is the study of things which can be examined, measured, and
explained by human beings with their inherent limitations." 3 Thus
evolution, as science, is the best available explanation of the existing
data using mechanisms operating today.
Creation, however, transcends science. As C.S. Lewis notes:
Suppose science ever became complete so that it knew every single
thing in the whole universe. Is it not plain that the questions, "Why.
is there a universe?", "Why does it go on as it does?", "Has it any
meaning?" would remain just as they were. 4
Science in general and evolution in particular do not, indeed cannot, ask,
let alone answer, such questions even though scientists may. A major
failing of "scientific creationism" is its claim to answer C. S. Lewis'
questions. Such questions can be answered only with revealed knowledge. In the scientific realm, however, revealed knowledge is out of place
since answers to empirical questions require neither ultimate causes,
reasons, nor immovable objects.
Supporters of "scientific creationism" fall into this epistemological
quagmire because they insist that the Bible is inerrantly valid as
scientific fact. Unfortunately this error is neither new nor unique. The
passage, "Thou hast spread out the heavens like a tent/ and on their
waters laid the beam of thy pavilion" (Ps. 104:2-3, NEB) was used as
scientific evidence that the earth was flat. 5 Passages such as, "He
established the earth upon its foundations,/ so that it will not move out of
its place" (Ps. 104:5., NAS), and "Thou hast fixed the world immovable
and firm" (Ps. 93.1, NEB) were also used as scientific evidence that the
earth was an immovable object fixed at the center of the universe.
The political controversies which enflamed both clergy and scientists
on these issues raged for centuries, were in part responsible for Galileo's
excommunication, and were finally quenched only a hundred years ago.
To avoid such errors it is imperative to remember that the Bible was
written by many authors over thousands of years to peoples with less
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scientific knowledge, who spoke different languages, and lived in an
environment quite different both physically and philosophically from
the twentieth century United States. To extract revealed truths from
such a book requires an examination of both the content and the intent of
the passage in question. A simple literal reading of the first eleven
chapters of Genesis is insufficient to understand the Hebrew creation
myth; juxtaposing such a passage with a modern scientific theory does
injustice to both.
A scientific theory is the best available explanation for a set of
empirical observations. As such, these theories must make testable
predictions and be subject to revision and/ or falsification. The Theory of
Gravity, Atomic Theory, and the Theory of Evolution are all equally
valid scientific theories. These theories are not subject to "belief' in the
ordinary sense; instead, they are accepted as working hypotheses that
are continually scrutinized against and reconciled with new data. In
contrast, a revealed theory is fixed and unchanging and may be
subjected to neither criticism nor skepticism. Revealed theories may be
believed in spite of physical evidence to the contrary. Thus it is not
surprising that supporters of "scientific creationism" can only rarely be
argued out of support for their belief; for their belief is grounded not in
science but religion.
The Theory of Evolution is the centerpiece of modern biological
science. It serves as a unifying concept for related disciplines such as
ecology, taxonomy, physiology, biochemistry, and genetics. As are all
other scientific theories, evolution is subject to considerable scholarly
debate about its detailed underpinnings. Thus there are various schools
of scientific thought on the mechanism of evolution. The most prominent
such schools at this time are the "modern synthesis" and the "punctuated equilibria." Differences between these schools are frequently
misrepresented by "creation scientists" as evidence that evolution is not
a scientific theory since all scientists are not in 100% agreement.
"Creation scientists" claim that evolution cannot be proved because no
one was there to observe it happen. Imposing this peculiarly strict
evidentiary standard on evolution is not justified since evolution, like
much other science, is based on indirect proof. Just as circumstantial
evidence can convict a criminal, so can indirect, but pertinent, evidence
validate or invalidate a scientific theory. All scientific theories work
from a single large data base and differ from one another only in their
interpretation of the facts. This data base includes information on fossil
age and structure, and on the biochemical and genetic similarities of
many different species. Doubt could be cast upon the entire Theory of
Evolution if contradictory data, such as a "young" fossil in an "old" rock,
were discovered. "Creation scientists" therefore make such claims, but
they are guilty either of omitting crucial portions of the data or of
outright forgeries. Employment of such deliberate falsifications in public
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debates before uncritical audiences is more characteristic of political
demagoguery than of scientific inquiry.
As an alternative to the "flawed" evolution models, "creation scientists" offer their own "scientific creationism" model. "Scientific creationism" is a new name for the old fundamentalist doctrine of Special
Creation, a religious doctrine held by a substantial number of Christians
which can be constructed only by a literal and simplistic reading of the
first eleven chapters of Genesis. An outline of this frequently unstated
theory can be found in Frank Awbrey's article, "Yes, Virginia, There Is a
Creation Model." 6 Among other things~ supporters of this theory believe
that the earth is no more than ten thousand years old, that creation was
accomplished in six twenty-four hour days, and that a world-wide flood
occurred 1656 years after the creation. This flood split the land mass into
the present continents, formed and deposited the entire geologic column,
and destroyed a vapor barrier resulting in decreased longevity. "Creation
scientists" readily admit that their theory is not testable since the
processes employed are not currently active and present processes are
inconsistent with their theory.
The dogmatic and nontestable nature of "scientific creationism"
formed the basis forJudge Overton's opinion in the recent case, McLean
us. Arkansas Board of Ed. The judge stated:
Creation science ... fails to follow the canons defining scientific
theory .... A theory that is by its own terms dogmatic, absolutist,
and never subject to revision is not a scientific theory. The
creationist's methods do not take data, weigh it against the
opposing scientific data and thereafter reach the conclusions
stated in Section 4(a) (Act 590 of the Acts of Arkansas of 1981).
Instead they take the literal wording of the Book of Genesis and
attempt to find scientific support for it. 7
Was this judgment overly harsh? Unfortunately not. In one of his
tracts, Dr. Henry Morris, Director of the Institute for Creation Research,
states, "The purpose of this book, very frankly and without apology is to
win people to a genuine faith in Jesus Christ as the eternal Son of God,
and to help strengthen the faith of those who already believe!' 8 While
strengthening Christian apologetics is a laudable goal, the Institute for
Creation Research does more harm than good. Not only do they provide a
readily wrecked straw man for their critics, they also demand that
Christians reduce a portion of the intensely personal relationship
between God and man to a pseudo-scientific theory known to be invalid
for over fifty years and so alienate many potential allies and converts.
The exact mechanism of creation is far from the credal core of any
Christian denomination, including the fundamentalist sects. All of the
Christian denominations emphasize the deity of Christ, His sacrifice for
this world, and His concern for our salvation. "Scientific creationism" as
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Christian apologetics detracts from rather than adds to the "GoodNews
for Modern Man!"
"Scientific creationism" also impugns the ethics of science. A major
thesis of the "creation scientists" is that all other scientists are ignoring
them and their data in a conspiracy to deny their theory its appropriate
status. To rectify this alleged scientific fraud, "scientific creationism" is
the only theory to be included in the science curriculum not by merit but
by legislative decree. Yet scientific fraud is a rare thing; rare enough in
fact for a single case to be publicized and discussed for years. Science is
self-correcting in a pitiless manner. Critical experiments are repeated
and frauds are publicly exposed, ruining the perpetrator's scientific
career and leaving him permanently disgraced. Finally, the scientific
community is a loose-knit group of independent thinkers, not a monolithic establishment. To think that such a diverse and uncoordinated
group could consistently block a valid refutation of basic scientific
theory is ludicrous.
Public debate on the creation-evolution issue will undoubtedly continue unabated as those on both sides of the issue feel that the other side
threatens the public good. Does active membership in the Christian
community demand acceptance of "scientific creationism" and a literal
interpretation of the first eleven chapters of Genesis? No. Pope John Paul
II spoke for many, both Protestant and Catholic, when he said:
Cosmogony and cosmology have always aroused great interest
among peoples and religions. The Bible itself speaks to us of the
origin of the universe and its make-up, not in order to provide us
with a scientific treatise but in order to state the correct relationships of man with God and with the universe. Sacred scripture
wishes simply to declare that the world was created by God, and in
order to teach this truth it expresses itself in the terms of the
cosmology in use at the time of the writer. The Sacred Book likewise
wishes to tell men that the world was not created as the seat of gods
as was taught by other cosmogonies and cosmologies, but was
rather created for the service of man and the glory of God. Any
other teaching about the origin and make-up of the universe is alien
to the intentions of the Bible, which does not wish to teach how
heaven was but how one goes to heaven. 9
Does evolution threaten religion? No. Dr. Lewis Newman, rabbi of
Temple Emmanu-El in San Francisco said in 1925:
If scientists do not object to evolution, why should the religionists
object? The problem lies within the field of science, not of religion. I
am a theologian. I believe in God just as firmly as any man within
sound of my voice, but I am not going to ignore the plain lessons
that nature spreads before me.
Science, knowledge and investigation should be free. You must

92

not make hypocrites of our authors and teachers. You must not
strait-jacket the human mind.1o
The basic positions, both pro- and anti-evolution, are now well-antrenched. No "meeting of the minds" has occurred and none is imminent.
Indeed the two parties rarely speak the same "language" and more often
talk about each other than to each other. Those attempting to mediate the
disagreement are often vilified by both sides. Untying this modern
Gordian knot will be arduous and accomplished only when its chimaeric
nature is confronted; when its epistemological roots are widely discerned;
and when threats, both real and perceived, to science education and
religious beliefs are abolished.
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Evolution, Education
and the
First Amendment
Philip Reilly

O

N March 19, 1981 the Governor of Arkansas signed into law
Act 590, the "Balanced Treatment for Creation-Science and
Evolution-Science Act." This law, the most sophisticated of the
modern "monkey laws" to date, was promptly challenged by a broad
coalition of non-fundamentalist religious groups, scientists, educators
and private citizens. At issue was whether Act 590 recognized a valid
scientific cosmology known as creation science or embraced a thinly
disguised religious doctrine.
After a nationally celebrated trial, Federal District Judge William
Overton issued a lengthy opinion that focused especially on Section 4 of
the Act, that part that defined "creation-science" and "evolutionscience." Proceeding with a line by line textual analysis, he carefully
justified his conclusion that the six-part definition of creation-science
had as its "unmentioned reference" the first eleven chapters of the Book
of Genesis. He described such definitional elements as the "sudden
creation of the universe, energy, and life from nothing" as conveying an
"inescapable religiosity," and noted that every theologian who testified
had interpreted this to mean a "supernatural creation performed by
God."
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Further, Judge Overton held that the definition of creation-science
failed to satisfy the "essential characteristics of science" (the cardinal
feature of which is that its assertions must be subject to verification or
falsifiability in the natural world). In a wide ranging and introspective
opinion, he systematically uncovered the religious basis for each of the
creationist assertions. Applying the constitutional criteria by which
laws said to threaten the wall between church and state are tested, he
ruled that the new statute could not pass muster. Arkansas Act 590 did
not have a "secular legislative purpose," nor was its primary effect one
that neither advanced nor inhibited religion. 1
The defeat of Act 590 in Arkansas in 1981 should no more be construed
as the end of the fundamentalists' assault on evolution than was the
decision by the United States Supreme Court to invalidate the old
Arkansas "monkey law" in Epperson u. Arkansas in 1968. 2 Forces are
already being marshalled for the next legal battle; late in 1982 the two
foes will meet in Louisiana to slug it out over that state's more refined
"equal time" statute. While it is easy to predict a steady stream of legal
victories for the evolutionists, the actual impact of this struggle on the
classrooms of America is less certain. Surely in the United States today
not a few fundamentalist teachers are reworking their lesson plans to
give Darwin's idea much less attention than it deserves. The chain of
events that culminated in the Epperson case offers the historical nexus to
which the latest decision is but the newest link.
In November 1968 the Supreme Court ruled that an Arkansas law that
prohibited teaching "the theory or doctrine that mankind ascended or
descended from a lower order of animals was unconstitutional." The
decision marked the end of a three-year fight that began when Susan
Epperson, a young biology teacher, learned that a new textbook included
a chapter on human evolution. Presumably, she was required to lecture
on that subject- in direct violation of a forty-year-old statute.
The Epperson case generated some unusual legal opinions. In the local
court Chancellor Murray Reed ruled that the monkey law violated the
First Amendment because it tended to "hinder the quest for knowledge,
restrict the freedom to learn, and restrain the freedom to teach." Rather
than focusing on the obvious conflict between the statute and the
constitutional principle that laws must not favor any religion, the
Chancellor took the more controversial position that the law violated a
freedom of mentation. The decision of the Arkansas Supreme Court was
even more unusual. In two sentences the court held that the monkey law
was a "valid exercise of the state's power to specify the curriculum in its
public schools."
The decision of the United States Supreme Court to hear an appeal in
the Epperson case was also surprising. As one Justice wrote, the
Arkansas Supreme Court had tried to "pass the buck." If the case had
come from a Federal court, it would surely have been remanded for
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clarification. Traditionally, the nation's highest court places a high
premium on whether there is a genuine case or controversy in the dispute
before it. But, Epperson involved a challenge directed against a criminal
statute that had never been invoked brought by a woman who no longer
lived in Arkansas. As Justice Black put it, "the law has slumbered on the
books as though dead." Why then did the Supreme Court agree to hear
the case?Probably, they were influenced by the importance of science
education during the decade of Sputnik and the famous missile gap
debates. They also may have welcomed an opportunity to write the final
sentence in a colorful chapter of American intellectual history.
The reasoning of the Supreme Court in Epperson is also curious. The
statute was sufficiently ambiguous to fall before a classic application of
the vagueness test. Constitutional principles require that a penal statute
must be explicit about what it prohibits. But it was unclear whether
teachers in Arkansas were forbidden to explain the theory of evolution or
merely to teach that the theory was true. Although Justice Fortas,
writing for the majority, raised the vagueness objection, he chose to
invalidate the law because of its conflict with the prohibition against
laws which "aid or oppose" religion. As Fortas saw it, Arkansas had
proscribed a body of knowledge "for the sole reason that it is deemed to
conflict with ... a particular interpretation of the Book of Genesis by a
particular religious group." His opinion is imbued with a deep awareness
of the historic controversy over Darwin's place in the public schools. The
angry tone of his language - he accused the law of trying "to blot out a
particular theory" - suggests that he felt that Epperson would strike a
needed blow, albeit symbolic, for the principle of separation between
church and state.
As it moved through the courts, the Epperson case generated tremendous interest in the scientific community. TheN ational Science Teachers
Association and theN ational Education Association jointly submitted a
special legal brief attacking the law as an "intellectual straitjacket." The
decision was hailed as a major victory for academic freedom and the
scientific enterprise. The editor of The Science Teacher described the fall
of the fundamentalist law as the "last flicker of an outmoded view." 3 In
Scientific American, L. Sprague de Camp, a veteran science writer,
claimed it marked the "end of the monkey war." 4 But, in the exuberance
of the moment, scientists and teachers were ignoring some telltale signs
suggesting that anti-evolutionist forces were gaining strength. To
understand the source of this strength we must dive into the nineteenth
century.
Although The Origin of Species, the masterwork in which Charles
Darwin synthesized a lifetime of biological study, was published in 1859,
the notion that humans had evolved from lower primates was not fully
accepted in intellectual circles for several decades. Until his death in
1873, Louis Agassiz, perhaps the most famous scientist in America,
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doggedly opposed Darwin's views. Even more strenuous opposition came
from the church pulpit; evangelists were incensed by a theory that
categorically rejected the teachings of Genesis. Not until the turn of the
century did there emerge in the North a significantnumberofProtestant
theologians who were willing to reconcile creationist dogma with a
compelling string of biological discoveries.
About 1890 the first cautious explanations of the theory of natural
selection began to appear in textbooks of general biology. But, little
progress was made during the next twenty-five years. In 1906 the
American Society of Zoologists, proposing a course of high school study,
recommended that there be no direct discussion of evolutionary theory!
In 1918 Clifton Hodge and Jean Dawson published Civic Biology which
did include a chapter on evolution and genetics. 5 Two years later Biology
for High Schools, by Smallwood, Reveley, and Bailey, finally included a
straightforward account of natural selection.6 Unfortunately, the first
serious attempt to disseminate evolutionary theory came just after World
War I, a time of disillusionment in America. Given the horrors of high
technology evinced in the European trenches, the depth of anti-scientism
was not surprising. In the South, especially, there emerged a desperate
effort to protect old values- for which the book of Genesis was bedrock.
A strange confluence of factors made the theory of evolution a focal
point of that struggle. First, conservative southern clergy sought to
preserve those evangelical traditions which they perceived to be the
foundation of Christian morality. If human origins could be explained by
the "laws of the jungle," how could chastity be justified and why should
sinners fear the promise of punishment? Darwin's theory also threatened
the doctrine of white supremacy that placed Negroes on a lower rung of
life's ladder. Second, Americans, who felt much bitterness against
Germany, were aware that crucial investigations designed to support
Darwinian ideas had been conducted there and that the German state
had used evolutionary propaganda to rationalize aggression. What
better evidence could there be of the evil consequences of heretical
thought? Third, in the United States evolutionary theory was most
closely associated with the very institutions (such as the "godless"
University of Chicago) where the erosion of public morality seemed most
obvious. 7
At first reform groups such as the World Christian Fundamentalist
Association, founded in 1919, attacked the liberal clergy (notably Harry
Emerson Fosdick of Union Theological Seminary) for having embraced
evolutionary doctrine. But when it became apparent that tent camp
revivals would not stop the spread of Darwinian theory in southern
colleges, the fundamentalists turned to more secular methods. The
United Daughters of the Confederacy, which had eliminated offensive
American history texts from public schools, soon joined evangelical
groups in a censorship campaign against teaching about natural
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selection. One attack was leveled at Wake Forest College, where the
president, a biologist who had reconciled his religious beliefs with
evolutionary doctrine, decided to fight back. The fundamentalists made
a concerted, but largely unsuccessful, attempt to sabotage the college's
fund raising activities. But this was a hollow victory for the evolutionist
forces; only months later Governor Morrison of North Carolina persuaded the state textbook commission to reject the use of two books
(Elementary Biology by Gruenberg and Biology of Home and Communication by Trafton) that had incorporated ideas developed by Darwin.8
The focus of the battle over teaching evolution in the public schools
soon shifted to the legislatures. In 1925 Oklahoma and Tennessee
became the first two states to ban the subject. Under strong pressure
from the Baptist Church, Governor Peay of Tennessee signed the
interdict, even while claiming that it would not be enforced. In North
Carolina, a more urban state with closer ties to northern intellectual
circles, an anti-evolutionary bill was narrowly defeated (67-46) thanks to
a dramatic campaign by educators and some of the state newspapers. In
Florida and Texas fundamentalists were able to secure state resolutions
which criticized, but did not prohibit, teaching about evolution. Now that
laws were on the books, the stage was set for a constitutional challenge.
Less than two months after the Tennessee bill became law some
businessmen in Dayton, Tennessee, thinking that it might be good for
commerce, persuaded the local biology teacher, John Thomas Scopes, to
challenge the state's new monkey law. The case (Tennessee v. Scopes)
rapidly became the fulcrum in the struggle between the past and the
future, between religion and science. Within a week the American Civil
Liberties Union announced that it had obtained the services of Clarence
Darrow, a famous Chicago attorney, to defend Scopes and to break the
influence of fundamentalist religion on public education. Days later
William Jennings Bryan, thrice a candidate for the presidency and the
most famous fundamentalist in America, agreed to assist the prosecution.9
The Scopes trial raged for eight sweltering July days. Because the
defendant admitted that he had taught about evolution, the major focus
of the trial was the debate between the famous attorneys over the literal
truth of Genesis. The procedural rulings made by Judge Raulston left
little doubt that the deck had been stacked against the evolutionists. It
was no surprise when, after only nine minutes of deliberation, the jury
returned a guilty verdict. The big surprise came the next week when
William Jennings Bryan died in his sleep, leaving a vacuum in the
leadership of the fundamentalists.
Although Scopes had been found guilty (on appeal the conviction was
overturned on a technicality), the wide publicity given to the trial
probably informed more people about the doctrine of evolution than had
all the scholarly efforts of the previous three decades. In the South the
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anti-evolution campaign soon began to lose momentum. Oklahoma
repealed its monkey law only months after the Scopes trial. Arkansas
and Mississippi enacted monkey laws in 1928, but most states into which
such bills were introduced did not adopt them. The battle fought and lost
by the fundamentalists that year in North Carolina was especially
significant because they had vowed to secure at least one law in a state
with a major university. It is always difficult to determine just why a
social movement fades, but one important factor in the rapid demise of
the anti-evolutionist campaign was the presidential election of 1928.
Fundamentalist protestants turned en masse to fight against Catholic
AI Smith whom they thought presented a more immediate threat than
did the disciples of Darwin.I 0
The controversy over whether citizens who embraced the literal truth
of Genesis could insulate their children from incompatible scientific
theories smouldered for the next thirty years. Scientists generally
assumed that, despite Scopes, the evolutionists had won. Darwin was
certainly established in the college curriculum. But, occasional surveys
indicated that most American students were not being exposed to
evolutionary doctrine. In 1942 Oscar Riddle, a well-known geneticist,
conducted a nationwide survey of biology teachers, one third of whom
admitted teaching virtually nothing about the theory of evolution.
Because the survey had centered on urban areas, there was good reason
to believe that (given the rural locale of the fundamentalists) evolution
was being taught in less than half the high schools in America. By the
late nineteen-thirties there were at least three evolution-oriented texts
available for use in the public schools, but they never sold as well as those
that down played the subject. With the exception of Exploring Biology by
Ella Smith, the most widely used texts of the nineteen forties and fifties
were characterized by incomplete treatment of evolution. The omissions
were so glaring the some critics have accused the publishing industry of
censoring textbooks rather than risking the loss of local markets in
fundamentalist regions. Clearly, there had been no real victory for the
evolutionists. Instead, an uneasy truce had been established. Fundamentalists did little more than mutter over the heresies taught in college
biology classes, so long as the heretics did not in vade their community .II
In 1959 a centennial celebration of The Origin of Species was held at
the University of Chicago. Leading biologists used the symposium,
convened barely two years after Sputnik, to establish closer ties with
secondary school teachers. Scientists and educators decried the inadequacy of teaching about evolution. Later that year, Herman J. Muller,
America's most celebrated geneticist, wrote an article, "One Hundred
Years without Darwinism Are Enough," that challenged teachers to
confront local censorship. In 1960 the National Science Foundation
created the Biological Sciences Curriculum Study (BSCS), charging it to
develop better high school textbooks. Drawing on the expertise of leading
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educators, BSCS produced three volumes by 1964. One (Biological
Sciences: Molecules to Man) centered on the theme of evolution. 12
One of the first signs that fundamentalists would fight this sudden
upsurge of evolutionary theory in the public schools came from Orange
County in California. Two housewives, disturbed because their children
were being taught material that contradicted their religious training,
enlisted the help of a scientist friend to petition the state board of
education to alter its policy on biology texts. After an initial rebuff, they
decided to organize, and in 1963 the scientist, a geneticist named Walter
Lammerts, founded the Creation Research Society. The goal was to
coalesce persons who had been trained in the sciences, but who accepted
the literal truth of Genesis. (Today the organization has hundreds of
members.)
As more communities began to purchase the new BSCS texts, the
struggle over science teaching began to escalate. In October of 1964 the
Church of Christ orchestrated a letter writing campaign to influence
members of the Texas Textbook Commission who were reviewing
Biological Sciences: Molecules to Man. Hundreds of letters reached
Governor Connally's office, but the book was approved and its sales were
brisk. The Texas decision was hailed as a victory for science teaching,
but the fundamentalist press, stung by this and other defeats, began to
reawaken an army of textbook watchers.
Buoyed by federal funding and confident that science teaching
enjoyed unprecedented public support in the technological race against
Russia, biologists became less wary of doctrinal collisions with students
or their parents. Indeed, they sometimes sought confrontation. The case
brought by Susan Epperson against the Arkansas law was only one of
several successful litigations. In 1967 Gary Scott was dismissed from his
teaching post in Jacksboro, Tennessee for violating the same statute
under which Scopes had been convicted forty years earlier. He promptly
challenged the constitutionality of the law. The case quickly attracted
the national press and under the mocking glare of telelvision lights the
Tennessee legislature hastily repealed its monkey law. When the United
States Supreme Court overturned the Arkansas statute a year later, it
seemed to all but the most acute observers to mark the end of restrictions
on teaching children about Darwin. This conclusion was further reenforced in 1970 when the highest court in Mississippi struck down the
nation's last surviving monkey law. 13
Ironically, the blow dealt by the Supreme Court in Epperson against
fundamentalist groups suggested a new strategy for their counterattack.
In his concurring opinion, Justice Black made several points that
challenged the majority view that the statute violated the principle of
religious neutrality. First, he objected to the Court's willingness to
impute a religious bias to a statute that could be construed to have a
neutral purpose. He asserted that the statute could be read as the product
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of a reasonable decision by the state to "withdraw from its curriculum
any subject deemed too emotional and controversial for its public
schools." Justice Black, always concerned about the separation of
powers between state and federal government, argued that it might be
within the state's power to eliminate "higher mathematics, or astronomy, or biology from its curriculum." Second, he expressed a grave
concern that the majority decision infringed "the religious freedom of
those who consider evolution an anti-religious doctrine." Assuming the
literal truth of Genesis was not propagated in Arkansas public schools,
then did not the removal of evolution from the curriculum "leave the state
in a neutral position toward these supposedly competing religious and
anti-religious doctrines?"
It was this "neutrality" principle that would rise, phoenix-like, from
the ashes of Epperson. The architects of modern fundamentalism began
to argue that in those schools in which evolutionary theory was taught
fairness demanded that equal effort be expended in the study of the
cosmology of creationism. The early seventies mark the rise of a doctrine
of"scientific creationism," a strategy that sought to cloak Genesis in the
rhetoric of science and sneak over the wall erected by the First
Amendment between church and state.
Having suffered a string of defeats before the courts and seeing the
rapidity with which school systems were adopting "evolutionist" texts,
fundamentalist leaders shifted the battle to the state textbook commissions. Having learned from Epperson that Darwin could not be excluded
from the public schools, they began to press for "equal time" in which to
present their version of the fossil record. By 1971 a concerted effort was
underway in about twenty states to push this democratic sounding
doctrine. Fundamentalists lobbied hard before state boards of education
in Louisiana, Indiana, Tennessee, Florida, and Michigan. Among other
goals they sought to win the approval of a volume written by members of
the Creation Research Society (Biology: A Search for Order in Complexity) which could be used if the equal time doctrine was adopted. 14
The first sign of success came at the local level. Late in 1971 the board
of education in Columbus, Ohio adopted a resolution urging teachers to
devote equal time to evolution and creation theory. A few months later
citizens in Longview, Texas persuaded the state board of education to
remove two BSCS texts from its approved list and to require that all
biology books include a prefatory statement that evolution is a theory,
not a fact. The critical battle was fought in California in 1972. For nine
years members of the Creation Research Society had been working to
influence state textbook policy. Late in 1969 they had managed to alter
the content of some paragraphs in a position paper called the Science
Framework for California Public Schools. Shortly thereafter, Vernon
Grose, a key proponent of scientific creationism, was appointed to a state
commission charged with screening textbooks for approval by the state
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board of education. In 1972 that commission promulgated three principles of neutrality that were intended to alter the dogmatic assertions of
evolutionary theory common to most biology textbooks. Despite the
opposition of numerous scientists and educators, the state board of
education followed the recommendations, and at least one biology text of
national prominence was revised for California schools. In Epperson the
Supreme Court had recognized that "courts do not and can not intervene
in the resolution of conflicts which arise in the daily operation of school
systems and which do not directly and sharply implicate basic constitutional values." But the battle in California and elsewhere was again
heading for judicial resolution. 15
In the summer of 1972 William Willoughby, religion editor of the
Washington Star, sued the National Science Foundation, demanding
that books produced by BSCS with taxpayer funds be withdrawn from
the schools because they conflicted with his religious beliefs. The case
was quickly dismissed, but a sudden upsurge in lobbying by fundamentalists continued. In Colorado twelve legislators sponsored a resolution
to amend the state constitution to require that "equal time be given to the
evolution and biblical creation science theories" and that students and
teachers be given "academic freedom of choice as to which of these two
theories, creation or evolution, they wish to choose." The bill died in
committee after which its proponents waged a losing battle to place the
issue on the ballot. During the next two years similar proposals were
placed before legislatures in Georgia, Washington, Michigan, Kentucky,
Ohio and Tennessee. In 1973 Tennessee, by lopsided votes and without
debate, became the first state to adopt an "equal time" law. One state
senator explained that "there wasn't any debate because the national TV
came down here with the idea they would make us look like a bunch of
nitpickers. You know, like barefoot Tennesseans." 16
The Tennessee law contained four major provisions: (1) any opinion
offered in a biology text as to the "origin and creation of man and his
world" be labeled as a theory and not "represented to be scientific fact;"
(2) any book which included the theory of evolution must give "under the
same subject commensurate attention to, and an equal amount of
emphasis on, the origins and creation of man and his world as the same
is recorded in other theories, including, but not limited to, the Genesis
account in the Bible;" (3) "the teaching of all occult or satanical beliefs of
human origin is expressly excluded from this Act," and (4) "that the Holy
Bible shall not be defined as a textbook, but is hereby declared to be a
reference work and shall not be required to carry the disclaimer above
provided for textbooks."I7
The constitutionality of the law was attacked by local school teachers,
parents and the National Association of Biology Teachers; actions were
filed in state and federal courts. In accordance with federal judicial
procedure, that court abstained until the state courts had ruled. The
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plaintiffs, fearing that the local court would rule in favor of the statute,
appealed the abstention to the United States Supreme Court. The high
court ordered that the abstention issue should be decided by the Federal
Court of Appeals, but when that court took up the matter it decided to
directly consider the merits of the "equal time" law.
The Court of Appeals ruled that the law was unconstitutional on its
face and "that no state court interpretation of it can save it." The
majority opinion was particularly critical of the provision which defined
a preferential position for the account of creation set forth in Genesis.
The provision that the Holy Bible need not carry a disclaimer as to the
theoretical nature of Genesis was a patent violation of the First
Amendment. A second flaw was the prohibition against teaching" occult
or satanical" beliefs, which violated two of the neutrality principles by
which courts test laws that threaten the wall erected between church and
state. First, it clearly harmed those persons who embraced "occult"
religious beliefs. Second, it would hopelessly entangle the Tennessee
Textbook Commission in determining which religious theories were
"occult." As the court wrote, "throughout human historytheGodofsome
men has frequently been regarded as the Devil incarnate by men of other
religious persuasions." The Court of Appeals, like the United States
Supreme Court before it, showed little patience for efforts of fundamentalists to control the content of public education. 18
On August 20, 1975 the federal district court and the Tennessee
Supreme Court handed down opinions that invalidated the "equal time"
law. Both perfunctory decisions adopted the analysis of the federal Court
of Appeals. Judge Gray, writing from the federal bench, did emphasize
that because "a casual reference to the literature of cosmology shows
that there is a myriad of recorded theories of creation," it would be
unreasonable to expect that all such theories could be discussed in a
single book. This comment drew an angry response from Henry Morris,
Director of the Creation Research Society. "This is pure buncombe," he
wrote. "There are not many different concepts of origins, but only two
-creation and evolution. No creationist has proposed that textbooks
should discuss all cosmogonic myths ... and this is not the issue ... This
concept (creationism) does not have to be expressed in terms of the
Genesis revelation, but only as a scientific model of origins, without
explicit reference to the Biblical terminology." Thus, by 1975 Morris and
other key creationists knew in what direction their campaign had to be
redirected. In drafting the next round of "equal time" laws, they must
omit all patent reference to the religious doctrines incorporated by
Genesis or any other holy script. Second, they had to adopt for
creationism the appearance of a scientific school of thought. Section four
of Arkansas Act 590 managed to satisfy the first of these two strategies,
but it failed to accomplish the second goal. 19
Besides the defeat of the Tennessee "equal time" law there were other
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indications that the fundamentalist forces were being repelled. On April
2, 1975 the Attorney General of California published an advisory opinion
that attempted to answer two questions put to him by members of the
textbook commission: (1) May the state purchase biology textbooks that
discuss the doctrine of evolution, but not the theory of creation?; (2) Is the
neutrality requirement of the First Amendment satisfied by making
textbook treatment of evolution less dogmatic or must the views of
creationism also be represented? In answering the first question in the
affirmative, he rejected the "equal time" argument. He also held that
there was no duty to present "a scientific treatment of creation by a
Supreme Being to the extent such treatment constitutes an attempt to
indoctrinate pupils in a belief in the dogma of any religion or of all
religions. " 20
But, this begged the really difficult questions. How much "evidence"
did proponents of scientific creationism have to amass before their ideas
could qualify as a reasonable alternative to evolutionary theory rather
than be dismissed as thinly veiled articles of religious faith? Who would
make this judgment? For nearly a decade a dedicated group of persons
trained in the natural sciences have sought to take the case for
creationism before the scientific community. In 1972 at a meeting of the
National Association of Biology Teachers, Bentley Glass, a past president of the organization and a well-known geneticist, briefly debated
Walter Lammerts, the founder of the Creation Research Society. Dr.
Glass acknowledged that he would not object to textbook discussion of
creationism if it was formulated in terms susceptible to validation or
falsifiability. During 1973 the views of John N. Moore and Duane Gish,
two key creationist theoreticians, were published in leading scientific
journals. With the emergence of some dialogue between evolutionists and
creationists the claim that creationism was a valid minority view was
enhanced. 21
The defeats in Tennessee and California only fanned the flames of
creationists' zeal. Beginning in 1975 a group of new "equal time" laws
that had been drafted in a more cautious fashion were introduced to
several state legislatures. Although none became law, they heralded the
struggle that was to be fought in Arkansas in 1981, and that will be
fought again in Louisiana and other states in the near future.
Should the creationists fail to secure a constitutionally viable "equal
time" law, they can pursue another course. The Supreme Court has
interpreted compulsory education laws to accommodate the religious
beliefs of minorities. In Wisconsin u. Yoder the Court ruled that Amish .
children between fourteen and sixteen who were receiving vocational
instruction at home need not attend Wisconsin public schools. The Court
was convinced that children who attended public schools in lieu of the
parochial program acted contrary to their religio~s beliefs and risked
censure in their community. The deference paid by the Court in Yoder to
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the rights of an individual to act in concert with his religious beliefs
suggests that the Court would also approve the decision of persons
embracing the literal truth of Genesis to shield their children from
compulsory lessons on evolutionary theory. Given the recent judicial and
legislative defeats suffered by fundamentalists, it is likely that this tack
may be tried in the near future. Asking the right to forego attendance at
public schools evokes more sympathy than does any effort to impose a
minority view on the entire society.22
The recent litigation over whether evolutionary theory should continue
to occupy its exclusive position in the biology class room is one
manifestation of a widespread, diffuse anti-scientism at work in our
culture. In the case of the creationists' demand for "equal time, in the
public school, the issues can be sufficiently reified to resolve them in
traditional forums. In part the strength of our society lies in the tenacity
with which it protects the freedom to believe and the freedom to learn. In
resolving the challenge brought by creationists against what they
perceive to be the domination of evolutionary cosmogony, the Supreme
Court may yet be forced to answer questions about the clash between
those two great freedoms that it avoided when it struck down the old
monkey law made famous by John Thomas Scopes.
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Alfred Russel Wallace:
A Naturalist
•

In

Darwin's Shadow
Robert S. Luce

Introduction

D

URING the nineteenth century a small group of Victorian
scientists revolutionized our view of the natural world. By
producing both evidence and argument they changed Western
thinking and belief from an orthodox religious cosmogony to a scientific
account of origins based upon the direct observation of nature. Charles
Darwin and the geologist Charles Lyell are probably the best known of
this group. Although not well known, and little studied, Alfred Russel
Wallace equalled Darwin and Lyell in his contribution to scientific
thought. Further, his work served as the catalyst that brought the theory
of natural selection before the scientific community on July 1st, 1858.
Biographical Sketch
Materials for the study ofWallace'slife come from only three, but very
adequate, sources. Wallace published his own two volume autobiography
in 1905 at the age of eighty-two. A biographer, James Marchant, worked
with him to produce a two volume set ofletters and reminiscences in 1916.
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Finally, Wallace's own writings, never coldly scientific, tell us as much
about the man as about his studies. There is only one biographical study
worth mentioning- Biologist Philosopher, by Wilma George, a zoogeographer who has most capably interpreted Wallace's scientific work and
placed it in the context of developments of his time.
Alfred Russel Wallace was born on January 8th, 1823, in the town of
Usk in Monmouthshire near the Welsh border. He was the eighth of nine
children, and his parents, though intelligent middle-class people, were
otherwise undistinguished. When Alfred was six his family left their
stone cottage on the river Usk and moved to Hertford, a pleasant and
prosperous country town about twenty miles north of London. Alfred
lived in Hertford for nine years and received his entire formal education
there between the ages of seven and fourteen. These were the most
impressionable years of his life; home, school, and town had much to do
with the formation of his character.
Alfred's father seems to have been an excellent intellectual influence
on his son. He belonged to a book club, and this brought many of the best
books of the time to theW allace home. His father read aloud to the family
in the evenings; thus, Alfred became acquainted with the travels of
Mungo Park, such literary works as Tennyson's "Lady of the Lake," and
Goldsmith's The Vicar of Wakefield. At one point Alfred's father became
the part-time librarian of a privately owned library. This gave Alfred
additional encouragement and opportunity to read good books. Rainy
Saturdays were spent at the library, as were other odd hours when he
helped his father arrange the shelves and check books in and out. Years
later, Wallace recalled reading all of James Fenimore Cooper's novels,
the stories of Captain Marry at, Don Quixote, Tom Jones, Paradise Lost,
Pope's Iliad, and the Faerie Queene- substantial reading for a boy.
Although Alfred did not remain in school long enough to learn Greek,
he did get a good foundation in Latin. He remembered reading Virgil's
Aeneid and Cicero. Latin grammar was a grim chore, and Wallace felt
that he had never learned enough to read classical works with enjoyment. He found, eventually, that Latin was useful in understanding the
scientific names of plants and animals. Next to Latin, geography was
the most painful subject, for it consisted mainly oflearning the names of
the towns, rivers, and mountains. He liked history little better, since it
consisted of memorizing the names of kings and the dates of wars and
conquests. Wallace believed what little knowledge of history he had
acquired had come more from Shakespeare's plays and historical novels
rather than from school assignments. It would seem that Alfred received
good training in English, as well as an appreciation of the best works of
English literature. He learned enough French to be able to enjoy reading
many books in that language throughout his life. In his accounts of his
various accomplishments, Wallace was reticent in the extreme and
invariably stated that he "learned with difficulty," or "had no talent for
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the subject." Yet it is evident that in adult life he had an intellect of the
highest order and was a lucid and fluid master of English prose. He read
widely and would eventually write many books as well.
Very early in 1837 Alfred was sent off to London to share room and
board with his brother John while he waited until his older brother
William could take him on to teach him the skills of surveying. The
London experience made a tremendous impression on young Wallace. He
had all his time to himself and would frequently go to the shop where his
brother was apprenticed to watch the men making doors, windows, and
cabinets. On some evenings he went to the mechanic's society where the
more thoughtful among the working men met to discuss current ideas or
to listen to lectures. It was here that young Wallace was introduced to the
ideas of the early socialist, Robert Owen. Wallace was profoundly
influenced by Owen's philosophy; throughout his life he was outspoken
in his belief in the potential in common men and in his advocacy of
socialism. Along with these Utopian views, young Wallace was introduced to the skepticism, if not the outright disbelief, of the secularists,
which reinforced his own distrust of traditional religious views. Finally,
early in the summer of 1837, he went to Bedfordshire to join William and
begin his education as a surveyor.
In 1841 Wallace purchased a small book on botany from the Society for
the Diffusion of Useful Knowledge. He began to spend Sundays and his
other free days in solitary wandering through the hills collecting and
classifying flowers and plants. He purchased a copy of Lindley's
Elements of Botany and used its wide margins to annotate from
Loudon's Encyclopaedia of Plants. As the consequence of reading an
article on orchids in the Gardener's Chronicle, he began to dream of
botanizing in the tropics.
Wallace's father died in April of 1843. In December of 1843, William,
who was out of work and unable to support his brother, told Alfred that
he was on his own. Wallace decided to try school teaching to earn his
living. By going to a teacher employment agency he was able to get
recommendations to two schools. The first interviewer, probably correctly, thought Wallace not sufficiently prepared, while the second was
impressed by his knowledge of surveying and his skill at drawing and
took him on. The school was at Leicester. Wallace stayed a little more
than one year. He taught the younger boys English, writing, and
arithmetic, as well as surveying and drawing. With the kindly help of the
headmaster he taught himself algebra and trigonometry and made some
progress with differential and integral calculus, although he said that
this brought him "to the end of his tether." While at Leicester, he read
Humboldt s Personal Narrative, Prescott's Conquest of Mexico and
Peru, and Malthus' Principle of Population, which was, in his own
opinion, the most important book that he had encountered. Wallace also
learned about mesmerism, thus starting a lifelong interest in spiritualism.
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Although he could not recall the circumstances of their meeting,
Wallace became acquainted with Henry Walter Bates, an amateur
entomologist. Bates introduced him to butterflies and beetles. Wallace
was amazed that many hundreds of species of beetles could be found in
the vicinity of Leicester and that there were more than 3,000 species in
the British Isles! Bates, Wallace, and the schoolboys soon began
enjoying afternoon walks into the countryside to collect insects.
In February 1846 Wall ace was stunned to learn that his brother
William had died. At once he resigned his position as a teacher and left
for Neath with the dual purpose of winding up William's affairs and
trying to take over his business. During the time that Wallace had been
teaching, a period of wild speculation in railroad building had begun and
surveyors were again in demand.
While at Neath, Wallace kept in touch with Henry Walter Bates. In a
letter to Bates he commented favorably on a small book then circulating
among naturalists- Robert Chambers' Vestiges of the Natural History
of Creation. In this work the author concluded that the animal species
were descended from other species and that evolution, or "progressive
development," had occurred. The author believed that the Creator had
started the process; however he was against the idea that the species had
all been made at once at the beginning of the world. At this same period,
Wallace was also reading Humboldt's Cosmos, Lyell's Principles of
Geology, and Darwin's Journal of Researches into the Geology and
Natural History of the Various Countries Visited by H. M.S. Beagle, now
more conveniently known as The Voyage of the Beagle.
Wallace and Bates decided to go to the Amazon and try their hand at
collecting plants, insects, and animals which they would sell to collectors
and museums. They were inspired, in part at least, by W.H. Edwards'
popular book A Voyage Up the Amazon published in 1847 and eagerly
read by both men. Edward Doubleday, keeper of butterflies at the British
Museum, assured them that northern Brazil was almost unknown to
naturalists, and he encouraged the young men, saying that if they were
thorough in their collections, they could easily pay their expenses.
Samuel Stevens, a collector of beetles and butterflies, agreed to act as
agent for Wallace and Bates.
A twenty-nine day voyage aboard the Mischiefbrought the young men
to Para (now Belem), Brazil, in 1848. Wall ace was to remain in the
Amazon valley almost five years, returning to England in 1852. After his
return he would publish a popular account, A Narrative of Travels on the
Amazon and Rio Negro. Bates was to collect over 14,000 species and write
a single book, Naturalist on the River Amazons. Wallace and Bates soon
went their separate ways. Wallace journeyed extensively on the Amazon
and made two trips up the Rio Negro. He traversed the Casiquiare to the
Orinoco. The existence of this curious natural canal, joining the two
great river systems, had been confirmed by Humboldt in 1800. Wallace
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sent collections back to England from time to time, but he kept a large
private collection, as well as specimens intended for sale, in Para to
accompany him on his trip home.
Wallace sailed for home on the Helen with an immense collection of
specimens and about twenty living animals. Three weeks out, the ship's
cargo of balsam caught ill'e. After futile attempts to put the fire out,
Wallace, the captain and crew took to the ship's boats. They spent ten
days and nights on the ocean, toward the end running out of food and
water which had originally been thought sufficient for five days. They
were at last picked up by the Jordeson, which carried a cargo of lumber
and was headed for England. This ship was extremely slow, sailing at
two to three knots. Finally reaching the English channel they encountered a record storm and barely survived sinking. The entire crossing had
taken seventy days. Wallace had lost the material he had hoped to sell, as
well as the private collection that he had looked forward to studying at
his leisure. He had saved one living parrot, his watch, two shirts, some
drawings offish, and, most fortunately, his diary. He later recovered 200
pounds in insurance on the collections.
The Wallace who returned to England was a mature man of growing
intellectual strength and professional competence. In addition to his
travel narrative he published a small book on palm trees and wrote
several scientific papers. He published his cartographic data on the
poorly known geography of the Amazon valley. As the result of his collections and papers, his name became known to the respected members of
the Zoological and Entomological Societies. He was welcomed at the
meetings as a member and began to make the acquaintance of the
important naturalists of the time. Wallace particularly remembered
Thomas Huxley, noting his vigor as a speaker, his near omniscience of
comparative anatomy, and the clarity and force with which he would
present his lectures. Wallace himself addressed the Zoological Society on
the subject of the monkeys of the Amazon.
Now knowing himself to be a professional collector, Wallace planned a
new venture with all the care of a military strategist. He decided against
returning to the Amazon, judging that Bates and one other naturalist, a
bird collector who was working there, were sufficient collectors to cover
the region. He decided to visit the Malay Archipelago because it was just
well enough known to prove its richness, but it had not yet been explored
for its natural history. Further, the presence of a powerful Englishman,
Sir James Brooke, who had become Rajah of Sarawak, would be a great
aid. Wallace purchased an expensive book, Conspectus Generum Avium,
by Prince Lucien Bonaparte. He annotated this general guide with
descriptions of all known Malayan birds with the intention of seeking
and collecting only unknown species. He followed the same procedure
with a French work on butterflies. He made still further notes by
examining the birds and butterflies in the British Museum.
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Wallace's eight years in the Far East -1854 to 1862- must be judged
the most fruitful of his life, at least in terms of its consequences for
scientific thought, as well as in his recollections. He seems to have
enjoyed those eyars immensely. His accounts are poetic; the sunlit
waters, brooding forests, varied peoples and adventurers, along with all
the exotic plants and animals are recalled with enthusiasm and affection. Wallace travelled all over the Archipelago collecting over 125,000
species and an even greater number of specimens. He lived under the
most spartan conditions, journeyed from island to island in native
sailing craft, and suffered from insect bites and malaria. He read, as
usual, for amusement, trading books with the other Europeans whom he
frequently encountered. Of the natural wonders in the Far East, Wallace
probably took the greatest delight in the birds of paradise, and he made
thorough collections, both for sale and for his private use. He was
anxious to learn more about the orangutans, and he shot them with a
recklessness that would appall a modern conservationist. But his most
significant activity was surely the writing of two papers of major
scientific importance, one of which disclosed, to Darwin's dismay, that
Wallace had also hit upon natural selection as the correct explanation for
the origin of species.
Altogether Wallace sent forty-three papers and letters of scientific
interest from the Archipelago. His work at this time was instrumental in
bringing about a reclassification of birds, most of which had previously
been considered passerines. As a consequence of Wallace's paper on
natural selection written at Ternate, Darwin rushed his Origin of Species
into print, and Wall ace was able to read the copy of it sent to him by
Darwin while he was still in the Far East. In a letter sent to a friend, he
wrote that he had read the book five or six times, considering it the equal
of Newton's Principia and the foundation of a new science. In a letter to
Bates, Wallace again expressed admiration, adding that he was glad
Darwin had been the one to write the book since he, Wallace, could never
have approached its completeness. Still, he saw himself as the codiscoverer of the theory of natural selection. Eventually Wallace was to
write an enjoyable book, The Malay Archipelago, the most popular of all
his writings.
Wall ace began to weary of the life that he had been leading and, feeling
that he had done almost all he could with his collections, returned to
England in the Spring of 1862. (The sales of his immense collections
assured him a small but sufficient income for life had he but continued in
the unmarried state.) He had managed to bring back two living birds of
paradise, keeping them alive on the journey by feeding them cockroaches
that he caught in the ship's larder. The birds lived for two years at the
London zoo.
Wallace read several papers on birds before the Zoological Society. One
original and interesting paper described the curious boundary in the
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Archipelago that separates the Oriental and Australian faunal types.
This boundary is known today as Wallace's Line. Typically, he limited
himself to a description of this phenomenon with only the most cautious
attempt at an explanation for it.
Soon after his return, Wallace met Annie Mitten, the eighteen year old
daughter of a botanist fried, and in the spring of 1866 they were married.
Annie is conspicuous by her absence in Wallace's autobiography. The
courtship and marriage is covered in a single sentence, and she is never
mentioned by name. Wallace's letters confirm, though, that he held
Annie in deep affection.
Wallace completed and published The Malay Archipelago in 1868, and
while it was a success, it was not popular enough to earn a significant
amount of money. Wallace found that his modest income was not
sufficient to support his wife and growing family. He made efforts to
obtain respectable posts, first as a museum director, later as the director
of a public park; however, both positions went to other men, to his great
disappointment.
Wallace saw a great deal of Sir Charles Lyell and thought him the most
enjoyable of all his scientific companions. He saw Darwin occasionally,
and they corresponded about various matters. Wallace never hesitated to
disagree with Darwin's views, for he was not in awe of the man. He
disagreed, for example, with Darwin's opinion that man was solely the
product of evolution, feeling that there was some extra-natural influence
at work. Wallace was at first enchanted with Darwin's concept of
pangenesis, a variation of the theory of the inheritance of acquired
characters, which was soon disproven by the experiments of August
Weismann and Francis Galton. These years were times of pleasant social
contact between the Darwins and the Wallaces. The Darwins' evening
receptions were illuminated by the greatest biologists and naturalists of
the time.
Wallace said that, of all the great men he knew, he was the most
intimate with Huxley, yet he admitted to never getting over his feeling of
awe or inferiority when discussing a question pertaining to evolution.
Huxley evidently tolerated no competition, and one gathers he may not
have reciprocated Wallace's esteem. He clearly regarded Wallace's
interest in the occult with cold contempt.
While Wallace continued to be a vigorous thinker and a productive
writer to the very end of his nine decades, the years after his return from
the Malay Archipelago were times of constant financial worries, a
growing involvement with spiritualism and socialism, and an agonizing
legal battle with an unrelenting crank, John Hampden, who was
obsessed with the belief that the earth was flat. As Wallace grew older his
financial situation became desperate. What little money he had was lost
through the court expenses of the Hampden affair or through Wallace's
own proclivity for investment in money-making schemes. Finally,
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Darwin and Huxley approached Prime Minister Gladstone, and in 1881
Wallace was granted an annual pension of 200 pounds in recognition of
his scientific work.
In 1885 Wallace received an invitation from the Lowell Institute of
Boston to deliver a series of lectures in the fall and winter of 1886. He
prepared a series of eight lectures and a set of diagrams and lantern
slides to go with the talks. The titles of the lectures are interesting, giving
as they do, a concise outline of his scientific interests:
l.The Darwinian theory: what is it and how it has been
demonstrated.
2. The origin and uses of the colors of animals.
3.Mimicry and other exceptional modes of animal coloration.
4. The origins and uses of the colors of plants.
5.The permanence of oceans and the relations of islands and
continents.
6.0ceanic islands and their biological history.
7.Continental islands: their past history and biological relationships.
8.The physical and biological relations of New Zealand and
Australia.
Lecturing his way across America, Wallace reached San Francisco in
May 1887. He enjoyed Golden Gate Park and made side trips to Palo Alto
and Santa Cruz. He visited the Stanfords who were just beginning the
construction of the memorial university. He also visited his brother
John, who had come to California in the gold rush and had later settled in
Stockton, and then he went up to the Yosemite Valley with John and his
family. In those days the trip to Yosemite took two hours by rail from
Stockton, then two days by coach. Wallace was thoroughly impressed by
the beauty of the Sierra wilderness. He watched the Fourth of July
celebration with his brother's family and was amused and puzzled by the
speeches, parades and firecrackers.
Wallace's many remaining years in England saw him busy with his
home and garden, the education of his children, and the writing of his
scientific works on animal distribution. But there was perhaps a darker
side. Wallace became further involved with spiritualism and wrote a
number of books and articles defending this charlatanism. He was
outspoken in his belief in socialism, advocating land nationalization at a
time when the British ruling class could hardly have been more opposed
to such a measure. He waged a vigorous campaign against vaccination,
feeling that the statistics on smallpox showed that sanitation and
improved living conditions were of greater value in the reduction of
disease.
In 1902 Wallace built a pleasant country house, "Old Orchard," where
he lived in retirement with his wife until his death on November 7th,
1913. Annie, although much younger, lived only until December 1914.
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Wallace and Natural Selection
Alfred Russel Wallace would be a relatively obscure figure in science
were it not for the fact that his name is associated with that of Darwin as
an independent discoverer of the theory of natural selection. Yet neither
Darwin nor Wallace should be considered the parent of evolution, for that
view of the world had been seriously discussed for at least a half century
prior to Darwin's Origin of Species, and it can be traced to the ancients.
The puzzle for Darwin and Wall ace was not the fact of organic evolution,
but rather the mechanism by which it proceeded. These men sought an
explanation that was scientific, rather than theological.
It is probable that Wallace had become interested in the species
problem about 1846 after reading Robert Chambers' Vestiges of the
Natural History of Creation. This little book, printed anonymously by a
man who was himself a publisher and an amateur geologist, presented a
mixture of early Victorian geology and biology, as well as religious
orthodoxy, urging progressive development as the means whereby the
Creator had brought species into being. Although it is difficult to follow
the growth of Wall ace's scientific ideas, he had been thinking about this
problem while in the Amazon valley. Upon his return to London he had
the opportunity to meet Darwin, and he attended meetings of the
Zoological and Entomological Societies. When Wallace went off again,
this time to the Malay Archipelago, he felt sufficiently confident to
correspond with the societies' members and eventually with Darwin.
Wallace's travels throughout the islands of the Archipelago had shown
him clearly that there were progressive modifications of related species
from one island to the next. He also saw that species had not been created
in places where the conditions were most ideal; however they often
flourished after reaching a superior environment from some prior
habitat.
In 1855 he published an important paper: "On the Law Which has
Regulated the Introduction of New Species." The principle conclusion of
this paper reads concisely: "Every species has come into existence
coincident both in space and time with a pre-existing closely-allied
species." Although Wallace was disappointed by the indifferent reception
of the paper, it did attract the attention of Charles Lyell and Edward
Blyth, both of whom called Darwin's attention to it. This was, in fact, a
paper the value of which became more evident after the theory of natural
selection had been worked out. Darwin wrote to Wallace complimenting
him on the paper, and this was the beginning of correspondence as well
as friendship between the two men. Darwin had been working for many
years on a theory which was to incorporate natural selection as the agent
of organic evolution but had been reluctant to put his ideas before the
public.
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Ultimately the famous incident of June 18th, 1858 occurred: Wallace's
second great paper arrived in Darwin's mail. It is known by the title: "On
the Tendency of Varieties to Depart Indefinitely from the Original
Type." Wallace asked for Darwin's opinion of the paper and asked him to
send it on to Lyell. Darwin was stunned to see his own theory written out
in a complete and concise form. Wallace's paper, arriving at a time when
there was serious illness in his family, caused Darwin to appeal to Lyell
and Hooker for a resolution of the dilemma. The result was that the two
men arranged to have extracts of Darwin's work as well as Wallace's
complete paper read at the July 1st, 1858, meeting of the Linnean Society.
And so history properly honors both Darwin and Wallace as the
simultaneous discoverers of the theory ofnaturalselection- the agency
of organic evolution.
So few books are available on Wallace's life that the appearance of two
recent but anomalistic treatments of his role in science require some
comment. Both books develop the thesis that Darwin actually received
the Wallace paper on the third of June, not the 18th. Wallace's paper
supposedly provided Darwin with the explanation for divergence which
he then wrote into his own manuscript. Being perplexed as to the ethical
course from that point on, Darwin placed the matter in the hands of his
two friends who arranged the Linnean Society meeting so as to give his
own extracts first reading, and thus priority over Wallace. H. Lewis
McKinney, a professor of history at Yale, in Wallace and Natural
Selection (1972), develops the case from a single piece of evidence:
Wall ace had mailed a letter to Bates on the same day that he mailed his
paper to Darwin. The original letter to Bates, with its envelope, has
survived, and the envelope very clearly bears two postmarks dating its
arrival in England on June 3rd. The author postulates that the letter to
Darwin must have traveled with the one to Bates and so arrived at Down
House two weeks before Darwin claimed that it had.
A second author, Arnold Brackman, a professional journalist with the
New York Times, has written A Delicate Arrangement: The Strange
Case of Charles Darwin and Alfred Russel Wallace, a work which further
develops McKinney's theme. Published in 1980 by the New York Times, it
mounts a vigorous assault on Darwin, Lyell, and Hooker. However~
Brackman's book is hardly conclusive. It is an interesting source of
information on Wallace - one of the few available. The author read
widely and traveled in England to talk to Wallace's descendants and to
dig out the original materials. Besides this he has written well and with
sympathy for all parties. But the fact remains that the case is developed
only upon circumstantial evidence. Brackman's thesis is the subject of a
scholarly refutation by David Kohn of Harvard University. 1 And,
Donald Culross Peattie, in Green Laurels, comments:
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Science has no finer page than Darwin's stand, willing to seal his
lips forever or to place his work at the disposal of Wallace, unless it
be that opposite page, where Wallace for his part waived every
claim and placed himself as a simple soldier under Darwin's
banner. No efforts of detractors, to make it appear that Darwin took
credit for something only partially his, have any foundation, nor
has science for one moment forgotten to honor the independent
originality of Wallace, and his splendid spirit. So many disgraceful
wrangles the scientific world has seen! But never between these
two.
In any event, Wallace was happy that his paper had propelled him to
the forefront of recognition, and he was relieved that Darwin was to do
the work of fully developing the theory. To the end of his days he never
begrudged Darwin's preeminence in respect to the theory, in fact he
actively constructed that preeminence for Darwin.

Wallace and Animal Distribution
Wallace must be considered the founder of the science of animal
distribution, or zoogeography. His explorations had brought him directly
in contact with the diversity of species and their varied geographical
distribution, as well as their temporal distribution in the fossil record.
His work in zoogeography did not engage the attention of church and
public as had the theory ofnaturalselection. The distribution of animals,
although related to the study of evolution, is a science in its own right. It
benefits greatly from another theory, or discovery, as profound as
natural selection - that of continental drift. Actual movement of the
continents was first proposed by Alfred Wegener in the 1920's as a
possible explanation for the distribution of certain fossils and rock
formations, particularly in respect to South America and Africa.
Wallace's second book, The Malay Archipelago, with its careful
description and comparison of the fauna of the many islands, is a study
in zoogeography. The book is not arranged chronologically, but rather
groups the descriptions of the islands together on the basis of zoological
similarities. It was while Wallace was in the Archipelago that he
observed the major division of fauna into Oriental and Australian forms.
This division is marked by Wall ace's Line, and it extends roughly north
and south separating Borneo and the Philippines from the Celebes. In
1876 Wallace published The Geographical Distribution of Animals, a two
volume work which secured his place as the founder of the science of
zoogeography in its modern form. As Wallace predicted, the work has
been refined only in detail, with all the major generalizations remaining
valid over the years. The book develops the topics of the problems of
animal dispersal, the distribution of extinct species, descriptions of the
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main faunal regions of the world, and the present distribution of the
major families and genera of the land animals. The work is distinguished
by the incorporation of geological time and the concept of evolution to
explain the present day distribution of animals. Wallace utilized and
amended the six natural faunal provinces described in P.L. Sclater's
paper on the distribution ofbirds. 2 These regions are (1) the PalearcticEurope, Asia, and North Africa; (2) the Nearctic-North America; (3) the
Neotropical-South and Central America; (4) the Ethiopian-Africa
south of the Sahara; (5) the Oriental-India and the Malay Archipelago
west of Wall ace's Line, and (6) Australia and New Zealand. Some debate
had centered on whether the Nearctic and Palearctic should be considered one region; however Wallace showed conclusively that the fauna were
distinctive. He carried the classification still further and subdivided the
six geographical regions. For example, he divided the Palearctic into the
European, Mediterranean, Siberian, and Manchurian subdivisions.
Wallace also postulated four factors which affect animal distribution:
1. Geological: the land must be above water and within reach of

potential immigrants;
2. Zoological: only those animals that are already evolved are
available as colonists;
3. Dispersal: some animals are more easily dispersed than
others;
4. Ecological: the climatic and biological conditions must be
tolerable to the immigrants.
Modern zoogeographers add a fifth factor- replacement: an immigrant
may have to supplant the prior occupant of an ecological niche.
Wallace was able to reconstruct the migrations of animals throughout
the Cenozoic Era. He proposed land connections between the various
land masses, as well as periods of continental isolation. He discussed the
possibility of land bridges but was cautious in this regard. Ocean
soundings, though very incomplete in those days, did not encourage
belief in the past existence of the bridges. It was not until1924 that Alfred
Wegener marshaled evidence in support of the revolutionary concept of
continental drift, and not until the last two decades that this has become
the prevailing theory. Clearly, Wallace's conclusions as well as his
methods of correlating geological time and zoological evolution were
revolutionary.
As a sequel to Geographical Distribution, Wallace published another
fine work, Island Life (1880), which developed the subject of island fauna
as a special case in the geographical distribution of animals. Darwin
thought it the best of Wallace's books. It is the most interesting of the
scientific writings for the modem reader. Like Darwin, Wallace classified
islands as either originating via the oceanic-volcanic mode, or being
detached segments of continents. Oceanic islands tended to be of
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comparatively recent origin, while continental islands could be either
extremely ancient, as is Madagascar, or recent, as are the British Isles,
which became detached from Europe by the post-glacial rise in sea level
ten to twelve thousand years ago. Wallace discussed in detail how
animals would have gotten to islands to establish the present day fauna,
as well as the evolutionary changes in fauna resulting from colonization.
With some genera, the problem of dispersal was easily solved: bats, birds,
and insects could fly or be blown by storms. Rafting on floating masses of
vegetation would account for the transportation of small mammals and
reptiles. Amphibians and fresh water mollusks and fish presented the
greatest problem, and in fact are the least represented among the fauna
of oceanic islands, being entirely absent in many cases.
Island Life was revolutionary in its discussion of the effects of
Pleistocene glaciation on evolution and animal distribution. The discovery of the ice age had been a recent development, though the repeated
advance and retreat of the ice during the Pleistocene epoch was not then
known. Wallace discussed the theories that attempted to account for the
ice age, favoring an astronomical explanation. It had been proposed that
there was a reduction in solar energy received by the earth as a result of
the coincidence in the regular cyclic changes in the precession of the
equinoxes (26,000 years), and the fluctuation of the eccentricity of the
earth's orbit (92,000 years). He added to this the idea that the northern
polar seas must have become landlocked in geologically recent times,
and that all these circumstances combined to account for Pleistocene
glaciation. This remains a viable explanation, highly plausible in view
of our present theory of continental drift. Although Wallace's views on
glaciation have been greatly modified by subsequent work, he obviously
saw the grand outline and the significance of the ice age to the evolution
of life.
During his lifetime, Wallace wrote twenty-four books and over a
hundred papers on various topics. The most important books are those
pertaining to zoogeography- The Malay Archipelago, The Geographical
Distribution of Animals, and Island Life. His book, Darwinism, based
upon the Lowell Institute lectures, is important as a careful and readable
exposition of natural selection. The autobiography, My Life, is the best
source on Wallace's life. There is only one other primary biographical
source, and that is Marchant's Alfred Russel Wallace: Letters and
Reminiscences. Much ofWallace'slater writing concerned spiritualism
and socialism. Scientifically oriented books such as Man's Place in the
Universe or The World of Life are obsolete as scientific works and
contain elements of spiritualism, making them of historical interest
only. The Malay Archipelago is an entertaining and enduring book and
belongs on the same shelf as Darwin's Voyage of the Beagle. Those books
that are interesting and important continue to remain in print.
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Conclusion
The development of the theory ofnaturalselection was not the work of
Darwin alone. Organic evolution had been assumed by many natural
scientists; the only real question was the exact mechanism of progressive
development. Among the more prominent in the development of the idea
were Blyth, Chambers, Darwin, Lyell, Hooker, Huxley, Asa Gray, and
Wallace, who all exchanged ideas and stimulated each other in trying to
solve the problem. The theory of natural selection was born in an
intellectual ferment. Its proper history requires the consideration of the
lives and work of the substantial coterie of Victorian naturalists, not the
least of whom was Alfred Russel Wallace.

Notes
David Kohn, review of A Delicate Arrangement: The Strange Case
of Charles Darwin and Alfred Russel Wallace, by Arnold C. Brackman, Science, 213, 4512 (1981), 1105-1108.
2 P.L. Sclater, "On the General Distribution of the Class Aves,"
Journal of the Linnean Society, 2 (1858), 130.
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Notes on Contributors
Robert Gilbert Fowler, whose research treats the molecular mechanisms of mutagenesis in bacteria, is also a competitive runner. Having
earned the Ph.D. at Iowa State University, Fowler taught at Princeton
and the University of San Francisco before coming to San Jose State
where he offers a variety of genetics courses for undergraduate and
graduate students.
Our guest editor, Richard Ingraham, earned both the bachelor and the
doctor's degrees in zoology from the University of California, Berkeley.
He also holds the Bachelor of Divinity degree from the Pacific School of
Religion and counts having served as assistant minister at two Bay area
churches among his professional experience. Currently, Ingraham is a
Professor of Biology at San Jose State where he teaches courses in
human genetics, evolution, and cancer. His research in the origin of
cultivated plants provides the rationale for his being an enthusiastic
world traveller, but he needs no excuse save being an avid sailor to justify
his voyages on the Bay and up the Delta.

Robert Jurmain, an Associate Professor of Anthropology at San Jose
State, earned the doctorate at Harvard. In addition to doing field work at
Olduvai Gorge with Mary Leakey, Jurmain spent two years at the
Smithsonian studying osteological diseases of the human skeleton. He is
the editor of The Skeletal Biology of Ala-342 (Coyote Press, 1982), the
co-author of Introduction to Physical Anthropology (West Publishing,
1982), and numerous articles.
Vida C. Kenk describes herself as a wife, mother and general caretaker
of "numerous small living things." Also a Professor of Biology at San
Jose State, Kenk's current research involves describing a new genus and
species of mussel found in the Galapagos Rift Zone. She has published
widely in the area of classification and systematics of mollusks, especially clams and mussels. Kenk holds the Ph.D. from Harvard.
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John Franklin Leslie is a research microbiologist for a major midwestern agrichemical corporation. Majoring in genetics, Leslie was
granted the Ph.D. by the University of Wisconsin at Madison. The
author of many professional articles, he has also been a Deacon of the
Christ Presbyterian Church, a technical advisor for the Institute for
Christian Resources, and a guest columnist for the San Jose MercuryNews.
Robert S. Luce, who was aboard the space shuttle Columbia on its
March 1982 flight, is a biomedical electronics designer for Lockheed. A
human engineering specialist, Luce returned to San Jose State after a
long absence from academe to earn, in 1981, a Master's degree with an
emphasis on biology and history of science. While he is preparing to
teach biology at the community college level, he spends his spare time
camping and backpacking.
Judith and Mark Miller are professional journalists whose work has
appeared in many magazines including Sierra, The Humanist and
Science Digest. Judith majored in English at UC, Berkeley and Mark
completed two years of medical school at Washington University. Currently they are at work on a screenplay based on the facts of Operation
Spacewatch
Philip Reilly, Associate Professor of Law at the University of Houston
Law Center where he also directs the Health Law Institute, earned the
J.D. from Columbia and the M.D. from Yale. More than fifty articles and
the book Genetics, Laws and Social Policy (Harvard, 1977) have secured
Reilly's reputation as a major scholar in the area of human genetics and
their impact on the legal system. Reilly identifies his hobby as "exploring islands around the world."
Rivers Singleton, Jr., who holds the Ph.D. from the University of
Kansas, is the director of the L.L. Campbell Microbiology Laboratory at
the University of Kansas, where he also teaches classes in metabolism,
informal logic and bioethics. A widely published researcher in the fields
of enzymology and protein chemistry, Singleton has worked for NASA at
Ames. With grants from the National Science Foundation and the
National Endownment for the Humanities, he has developed programs
which attempt to bridge the "two cultures."
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To Our Readers
San Jose Studies, a journal sponsored by San Jose State University, is
published three times each year, in Winter, Spring and Fall. The contents
include critical, creative, and informative writing of interest to the
general, educated public. We publish articles which originate in the
scholarly pursuit of knowledge but which are written to appeal to the
general reader interested in intellectual aspects of the arts, business, the
humanities, science, and social science. Each issue also features creative
and literary materials, including poetry, fiction, review essays, and
occasional interviews and photographic essays.
The goal of each issue is to provoke that particular type of intellectual
pleasure that comes with discovering a new thought or with reexamining
old concepts from new perspectives. In that respect, SJS complements
the formal learning that goes on within the university and contributes to
the continuing education of our readers.
Past issues have included articles on topics as diverse as eugenics
techniques and their implications for society, the misuse of intelligence
tests to predict incompetence, Melville's deliberate "errors" in Billy
Budd, the use of arithmetic for financial survival, historical disputes
about the Battle of Hastings, and the letters of William James (several
published for the first time). Special issues have been devoted to John
Steinbeck and to the American Bicentennial.
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Each Winter, a $100.00 award from the Bill Casey Memorial Fund is
given to the author of the best essay, story, or poem appearing in the
previous volume of San Jose Studies. In addition, authors of the best
article, short story, and poem in each volume receive a year's complimentary subscription to the journal.
The recipients of these awards are selected by the Committee of
Trustees of SJS.
Manuscripts are welcome from all writers and should be submitted to:
The Editors
San Jose Studies
San Jose State University
San Jose, California 95192
All maquscripts should be limited to 5,000 words and must be typewritten and double-spaced on standard 8¥2 x 11 white bond. The author's
name should appear only on the cover sheet of the original. An
identifying word from the title (rather than the author's name) should
appear on succeeding pages of the manuscript adjacent to the page
number in the upper right-hand comer.
Manuscripts are evaluated by a generalist reader, a specialist reader,
and the Editors, a process that normally takes from six to eight weeks.
Authors receive two complimentary copies of the issue in which their
contribution appears. Manuscripts not accepted for publication are
returned to authors if a stamped, self-addressed envelope is included with
the submission. Previously published work and multiple submissions are
not accepted for publication.
Subscriptions and business communications should be mailed to:
Emi Nobuhiro, Business Assistant
San Jose Studies
San Jose State University
San Jose, California 95192
Subscriptions are as follows:
Individuals-$12.00 for one year.
(Foreign-$14.00).
Institutions-$18.00 for one year.
Patrons-$50.00 annually.
Benefactors-$100.00 annually.
Guarantor-$250.00 annually.
Single copies are $5.00 and may be purchased from the Business
Manager or at the Spartan Bookstore.
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